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PREFACE

Over the past two decades the uscfulness of the computer in science
and education has been demonstrated by the rapid growth of applications.
Striking advances have been made in data analysis and research through its
use; however, in the direct application of computers to the instructional
process, obstacles still exist between promise and fulfillment.

This study secks to identify those obstacles which have hindered the
development and acceptance of computer use in instruction. and to
suggest means for overcoming them. The Delphi Technique was used to
obtain and analyze the judgment of educational practitioners, theoreti-
cians, hardware and software specialists, and evaluators on (a) major
impediments to wider use of computers in instruction, and (b) actions that
might increase acceptance and use of computer-based instructional
materials,

The results of the project are suggestive rather than definitive. They
do not represent a conclusion by the panel as to what should be done to
further acceptance; they do indicate likely sources of difficulty and
promising steps for resolving them which the project participants believed
should be considered in planning for the future growth of compuler use in
instruction.

The report is organized so that a summary overview of major points can
be found in Chapter 111 and a general interpretation of the findings in
Chapter V, following the main body of results.
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Chapter I

Statement of Problem

Considerable manpower and extensive fiscal resources have been ex-
pended in recent years to investigate the value and cost of computer use
at all levels of the educational process. The National Science Foundation.
through its Office of Computing Activities. has supported several of these
investigations, most notably in the areas of computer applications. user
services, and training. The specific areas of computer applications that
received substantial attention were {a) use of computers in problem-solving
situations, (b) model development and simulation, and (c) computer-aided
and coifiputer-managed instruction. Studies of user services compared and
cvaluated local versus remote processing, batch versus interactive pro-
cessing, and cost benefits gained from cconomy of scale versus cost of the
new generation of mini-computers. Studies in the training area examined
the impediments to, and costs of, training faculty in computer use, and
looked at the problems and costs of developing and distributing computer-
oriented and computer-based curricular material,

Certain aspects of these investigations are of particular concern because
they have been especially troublesome to evaluate. Probably the major
difficulty has been that, despite evidence of the computer’s vahie for
instructional uses, the educational community is still reluctant to accepi it.
A reflection of this reluctance is that few educators are developing quality
course materials to support instnictional applications of the computer. In
addition to this lag in authorship, thete are the problems of unexpectedly
high costs for developing materials 2nd the total absence of mechanisms
for distributing materials that have been developed.

Many explanations have been offered to account for these conditions.
For cxample, some observers suggest that inadequate incentives for au-
thors are a major reason so little faculty effort has been spent on develop-
ing computer-based materials. Others see the relatively primitive and
cumbersome “author languages™ as contributing to the discouragingly high
costs of develcpment. Still others view low volume, limited experience in
packaging and marketing, and the fear of nonrecoverable costs as factors
that account for the missing distribution mechanisms.

Numerous additional difficulties have been cited as root causes for the
lack of widespread use of computers in instruction. The present study was
undertaken to identify the most plausible explanations of this multi-
faceted problem and to outline strategics for overcoming the difficultics.

' 8
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Chapter II

Research Plan

The study was designed (o be conducted in two phases. The first phase
was a questionnaire survey that, through the Delphi Technique, gathered
(a) opinions about the nwjor obstacles to acceptance of computers in
instruction, and (b) suggestions of actions or plans for overcoming the
obstacles. The second phase was a conference whose purpose Wis io bring
the participants together to discuss aspects of the action plans, such as
cost, need, and social and technical feasibility, and to express opinions as
to which plans were most worthwhile to pursue.

Definition of CAI ,

Throughout the study, computer-assisted instruction (CAI) was used as
a generic tenn, comprising all aspects of computer use in an instructional
context. Included within the scope of the term was what some have pre-
ferred (o call computer-based education, and also problem-solving, gaming,
simulation, etc. This point was noted on the cover page of each question-
naire.

The Participants ‘

Because computer usc in education cuts across a number of disciplines,
the project participants were selected from several areas of specialization,
including curriculum development, educational rescarch, educational
administration, law, computer and systems science, computer hardware
and software, publishing, and communications regulations. Invitations to
participate were extended to 42 authorities in these areas, 34 of whom
accepted. Of this group, 30 completed the questionnaire phase, and 20
attended the conference that closed the data-gathering sequence.

The distribution of the 30 participants among the several areas of
specialization was as follows:

Curriculum Development: two directors of commercial instructional
malerials companies, a director of a research center specializing in the
design of instructional materials, and a university researcher concerncd
with the development of authoring techniques and programming lan-
guages,

Educational Research: a director of research for an educational sesearch
institute, three directors of university CAIl labs, and two researchers
specializing in educational evaluation.

3
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Educational Administration: a superintendent of a large metropolitan
school system, an ex-superintendent now president of an edncational
rescarch firm, a foundation president, an administrator of a national
educational association, and a university administrator.

Law: a professor of taw zvecializing in copyright infringement and related
legal issues arising from applications of new technology.

Computer and Systems Science: a psychologist and u social scientist Who
have served as advisers to the government on the integration of tech-
nology into cducation, and three computer scientists specializing in
computer applications in education.

Computer Hardware and Software: two representatives ol farge hardware
manufacturing firms, and two university professors representing major
computer centers. .

Communications Regulations: a former commissioner of a communi-
cations agency.

In the first questionnaire, 12 categories of CAl-related activities were
presented and respondents were asked to check thosc areas in which they
had had -experience. To give an idea of the range of participants’ back-
grounds in terms of CAl, the number of respondents checking each cate-
gory is listed in Table 1.

Table 1

Respondent Experience

Category Nuraber Who Checked
1. Administration of CAl lab ‘ 7
2. Administration of computer center 6
3. Designing of software ) 17
4. Software development 18
5." Designing of hardware 9
6. Hardware development 1
7. Recordkeeping function of computer 10
8. Design of computer-based curriculum 12
9. Structuring of curriculum content 14
10. Evaluating computer-based curricula 12 v
11. Training educators in use of computer-
based materials 13
12. Teaching with computer-based materials 14
Delphi Technique

The Delphi Technique is a method for the systematic collection of
expert or informed opinions. The purpose of the procedure is to obtain a
consensus without bringing the experts together in a face-to-face mecting;
’ 4
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this is achieved by having them complete a series of questionnaires inter-
spersed with controlled opinion feedback. Not only can the process mean
a saving in money, but also, and more importantly for this study. the
mode of controlled interaction encourages independent thought and the
gradual formation of thoroughly considered opinion. It has, moreover. the
advantage of providing anonymity to participants. These characteristics
give the Delphi Technique a distinct advantage over the traditional faculty
or committee meeting, where direct confrontation in too many instances
prompts the formulation of hasty and preconceived notions, an inclination
to close one’s mind to novel ideas, or a tendency to be influenced by the
loudest or most persuasive speakers, regardless of the substance of their
argument.

Questions appropriate for consideration through the Delphi Technique

are those on which mature and informed judgment must be exercised

rather than those that lend themiselves to analytic solutions. For instance,
the technique is useful in complex situations such as prediction-making
where conclusions are necessarily based on intuitive judgment or insight.
Greatest success with the technique is generally obtained when the con-
tributed opinions are based on thorough knowledge and pertinent expe ri-
ence, and when participants are given the opportunity to make their own
logical structures and to synthesize what they both know and feel into an
appropriate form,

In summary, the advantages of the Delphi Technique for this study
were these:

(1) The technique assured each participant substantial opportunity to
contribute his opinions. -

(2) The procedure could take advantage of multiple types of relevant
information, since it could sample the knowledge and values of
experts in diverse fields and disciplines.

(3) The technique allowed a select body of authorities to deal with
values as well as with facts, with impunity.

(4) The technique allowed participants to address, systematically, the
key issues regarding the use of computers in instruction.

(5) Through the use of successive questionnaires, it was possible to
arrive at a careful identification, definition, and evaluation of
basic problems of demonstration, cost, development, and distri-
bution of computer-based curricular materials.

The Delphi Technique is generally applied as follows: (a) the parti.
cipants are asked to list their opinions on a specific topic, such as scientific
predictions or recommended activities; (b) the participants are then asked
to evaluate the total list by a criterion, such as importance, chance of
success, elc.; (c) cach participant receives the list and a summary of re-
sponses to the itenis — if in the minority he is asked (o revise his opinions
or indicate his reasons for remaining in the minority; (d) cach participant
again reccives the list, an updated summary, and the minority opinions in a
final opportunity to revise his opinions. :

5
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Questionnaire Sequence

The initial phase of the study was conducted with three general aims in
mind. The first was to have the participants bricfly outline their views of
general educational goals and of the use and value of the computer in
implementing these goals. The sccond was to identify factors that have
inhibited widespread use of computers in instruction. The third was (o
produce plans for future action.
) A sequence of three questionnaires was used to achieve these aims.
Each of the questionnaires focused on the same three major questions:

(1) In what ways do you believe the use of computers in instruction
would improve the educational process?

(2) Why have computers not been more widely used in the instruc-
tional process?

(3) What needs to be done to tap more fully the potential contri-
bution of the computer to the instructional process?

The Delphi Technique proved effective in producing convergence on
the major issues involved in these questions. A more detailed description
of the substance and logic of the questionnaire sequence is given in Chapter
IV. Copies of the questiomiaires are shown in Appendix 1.

Conference

To conclude the process of gathering and refining data, a conference
was held. Its purpose was to focus on drientations for action that could
overcome the obstacles to CAl acceptance delincated in the questionnaire
sequence. To this end a series of “mini-Delphi” exercises were devised
which were to continue the Delphi format of information feedback and
opinion refinement. Theoretically these were to combine the advantages of
the Delphi Technique, described above, while providing opportunity also
for structured “face-to-face” discussions.

The data on which the conferces were to work were 83 “action state-
ments.” These were derived from the questionnaire responses and were
reduced to asingle sentence for casy manipulability. Both the original action
suggestions and the action statements are included in Appendices 4 and
5. The end product of the conference was to be a rough ranking of the
items in terms of “worthiness for additional consideration,” with the top
half or so of the items receiving further detailed evaluation of cost effec-
tiveness and feasibility in workshops. There were to be several jterations of
ratings of the top items, culminating in the allocation of a hypothetical
five-ycar budget directed toward advancing the growth in value and accep-
tance of CAL

The sequence was to be as follows:

First Session: The group rates the 83 statements on a 0-3 scale.

Second Session: The bottom two-thirds of the ranked list are considered;
items not voted in are dropped; new suggestions voted in arc added.

Third Session: Workshop A - rates items on general feasibility; discusses
future technological developments and breakthroughs that might affect

ERIC 42 ‘
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cost and prepares statements on these. Workshop B -- rates items on cost
effectiveness and discusses those where there are divergent ratings; splits
into subgroups which define cost parameters of each item.

Fourth Session: Workshop A - discusses, rates. and prepares statements on
any especially negative features of items in relation to special-purpose
or “stakcholder™ groups in education (c.g.. handicapped students.
teachers. vocational trainees).

Workship B - estimates cost of items using the prepired cost parameters
as guidelines; discusses and rates any especially positive values of items
in relation to educational “stakeholder™ groups,

Fifth Session: The material summarized from the workshops is distributed
and discussed: the conferees individuatly allocate 1 limited budget
among the items, in separate “Rescarch and Development™ and “Action
and lmplemen'tation™ programs.

This series of exercises, however, did not work out as planned. In fact,
the course of the meetings bore little resemblance to the intended progres.
sion of inputs and evaluations, From the very beginning of the conference.
the structure was guestioned and even adamantly opposed by somie of the
conferees. This was due in part to misunderstanding, in part to the rigidity
of the planned procedure, and in part to a- fundamental problem which
was symptomatic of organizational difficulties encountered throughout
the study,

The misunderstanding ensued from a fecling that the planners had made
some arbitrary assumptions and that the organization was not appropriate,
Rather than serving as a minimally constraining framework for the con-
ferees to interact within, as was intended, the format appeared 1o a
number of conferees to be an interpretation with which they had to agree
or disagree at the outset. Some participants felt their viewpoints could not
emerge in such a framework, or be given enough weight. This was true in
the sense that the planning of the conference was oriented much more
toward gaining a consensus than toward exploring areas of divergence.

The rigidity of the procedure lay in the fact that it tended to channel
the conferees — all highly articulate, experienced specialists with very
definite opinions — into limited, structured interactions. The conferees
were more inclined to a format of free discussion. and, in the end, unstruc-
tured interaction formed the major portion of the conference proceedings.

The third contributing factor 1o the conference difficultics pertains (o
the whole study, and is discussed below.

Organizational Difficulties ‘

The fundamental problem underlying the conference organization is
evidenced throughout the report. The area of CAl accep tance culs across i
broad range of technical, economic, and educational issues. This of course
is what makes the area so difficult to analyze and evaluate. In order to gain
the general view that was the object of the study, the participants were
drawn from a number of fields representing this range. This inevitably
resulted in a fragmentation of expertise which made it difficult throughout
the study to approach problems with a common orientation. For instance,
school administrators thought of CAl in terms of clementary-level drill and

. 713
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practice, university protessors thought of. college-level applications, pub-
lishers thought in terms of marketable forms, ete. It was clear from the
responses (o the first questionnaire that occasionally some groups of partici-
pants were reacting on totally different planes than other groups. In the
conference discussion. emphasis was continually shifting back to the prob-
lem of guaining a unified perspective that would be satisfactory for the
majority of conferees.
The following characteristics of the study stem from this fact:

a) The Delphi Technique had to be slightly altered. Since interpreta-
tion of a particular questionnaire item varied widely depending on the
expert’s lield. it did not seem reasonable to place emphasis on obtaining
convergence of item ratings. Instead, the orientation was shifted toward
gaining information on the overall viewpoiuts of the respondents. partic-
ularly in the third questionnaire. Of course. the essential feature of the
Delplii Technique, in feeding back informution and receiving reevaluated
responses. was uscful in getting an overall delineation of where the strong
divergences in viewpoint were.

b) In terms of the conference, this fragmentation meant that all the
participants were not looking at the conference design in the same con-
text. They disagreed with cach other as well as with the planners. and, in
the process of articulating their positions, became much more interested in
the nature of their disagreements than in reaching any consensus of views.
Interesting discussions emerged, of course, but not in cleai-cut, readily
summarizable form. As a result. as some of the conferces themselves sug-
gested, the authors have opted to work the conference discussion into the
report in the loose. subjectively stated way described below,

¢) The domiinant opinion in a particular area — e.g.. in education —
may have come from a subgroup of respondents involved in that area,
because it is only this group which has commented substantively on the
topic (or. at the conference, discussed it). The other participants, less
familiar with the area. remained siléit and, in effect, tacitly endorsed the
view. In other words. some of the opinions that are piesented as repre-
sentative of the group were discussed by relatively few of the participants,
namely. those who had something to say about them.

d) The overall picture that the report draws is dependent on the distri-
bution of participants among fields. That is, it is possible that ift more
computer science experts had been included, the report’s section on
“Technical Research and Developinent™ would have been expanded.

Organization of the Report

The bulk of the results are drawn from the comments made by ques-
tionnaire respondents and from the transcripts of the conference discus-
sion. Quantitative data from the questionnaires are described in a few
instances. as well as summarized in the appendices. However, for the
reasons already described little emphasis was placed on the specific rating
values attached to the questionnaire items. Instead, the authors have tried
to present a picture of impressions that reflects as accurately as possible

14 8
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the agreements, considerations, disputes and inconsistencies that emerged
from the solt data. and that give the “best fit" 10 the hard data.

11 was, of course, obvious that particalar points of view were endorsed
much more strongly by the group than others, which is usefal information
even theygh it derives from subjective evaluation. Consequently, a rough
index is used in Chapter IV to indicate the degree of agreement surround-

ing the issues discussed, as follows:

*+% _ high degree of consensus; essentially all participants agreed on this
point

** . moderate consensus; most participants agreed. without a signifi-
cant dissenting view emerging

* - limited consensus: some but not most participants agreed, with-
out a significant dissenting view emerging

Except where points of disagreement or pertinent questionnaire data are
described, the report consists of what we judge to be the dominant view-
points, written as though by a hypothetical participant whose opinions
consistently aligned with the general opinion of the group.

9
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~Ghapter III

A Summary of Results

For the convenience of readers who do not wish to explore the details
of the questionnaire rounds and the conference. this clapter brietly sum-
marizes the principal findings. Comprehensive findings then follow in
Chapter IV, and in Chapter V the authors have added their own analyses
and a brief discussion of the suggested plans of action.

The complex factors inhibiting widespread use of computers in instruc-
tion have three principal diriensions — educational, economic. and tech-
nical. These three dimensions are reflected in the six categories into which
opinions were grouped: (a) production and distribution of instructional
materials, (b) demonstration of the effectiveness of CAl, (¢) theory of
instruction (need for additional psychological and educational rescarch),
(d) educational system and the teacher, (¢) cost. and (N technical rescarch
and development.

Out of the cumulative Delphi process of questionnaires and the final
conierence of participants. the educational dimension — i.c.. the problems

~ related to the availability of adequate materials and the lack of evidence of
CAI cffectiveness — was judged to be the most critical. Almost as eritical i .

the economic dimension, although the solution to the problem of CAl's
high costs was thought to probably depend on already exis:ing market
pressures which are bringing costs down. The technicat dimension. which is
mainly concerned with creating adequate CAI delivery systems. was judged
not to be of critical- Anportancae- -

In category a .- production and distribution of instructional materials --
the respeisdeifts singled out obstacles related Vo lack of faculty interest in.
Giffusipn.of responsibility for,'and lack of incentives for the development
and’ distribution of compuler-based materials. The lack of good, readily
available computer-based éducational materials was the most highly rated
item in the study. The scargity of mdterials results from a lack of established
productioii mziradls and preceduies, Tack of professional and economic
incentives, and e vaguenesseul mark.ct prospects. Opinion converged

- <
toward the fllowing Najesity view: A market should be established
with federal backing it “incentives,*dnd this market could be expected
lo become self-supporting, especially if new uses -- simulation, gaming.
problem-solving — were developed. Guidelines for standardization.
flexible royalty and copyright policies, and appropriate production mudels




(particularly teanroriented approaches). are also needed to encourage the
growth of a strong market for materials.
In category b (demonstration), the fact that there are few examples of
effective CAl use was judged to be a major problem. Two opposing vicw-
points’became evident. One held that large-scale demonstrations of educa-
tional effectiveness are needed, but not in the context of status-ouo
education. CAl must improve educition. without undue concern for
cconomic feasibility - educational revision should be a national goal. The
opposing opinion was that CAl should be developed just like any other
instructional medium; i.e., it only needs commercial incentives to improve
it, though federal support will be necessary initially. Participants agreed
that the teaching of basic skills, ¢.g.. English and math. would be a good e
initial target in demonstrating successful applications of CAL. Specific uses
recommended were: remedial programs {or the disadvantaged; curriculum
development within a discipline; courses for community colleges and lower-
level undergraduates; education for the handicappped: and vocational,
industrial and military training.
In category ¢ (theory of instruction), it was agreed that there is a need
to gain deeper understanding of CAl's unique instructional capabilities.
The compulter's information-processing potential is far from being fully
utilized in present CAI systems. Aspects of CAl that should be explored in
this regard are: the need for new production techniques integrdfing CAl's
programming, display and documentation requirements; the grca“”il'ng of
N < - roles from information resource to tutor that CAl can assunie; instruc-
P tional applications of simulation, gaming and process teaching: the
: e potential for individualizing learning sequences; and the use of CAl in a
e T - rescarch mode. In addition, our knowledge of the instructional process in
I L general has to be extended and applied to CAl design. This may not
C o involve further direct efforts in learning theory research, but rather may
come from new experimental techniques arising from the rescarch use of
1 CAlitself.
Broad use of CAl will require changing the traditional role of the
St teacher (category d). This may be a major source of educational resistance
and must be resolved by effective teacher training and by careful planning
of CAI systems to support a new role for teachers. Unless this new role is
. o) attractive to teachers, it will not be accepted by them. Additional resis- '_ .
tance may stem from seeing CAI as a job threat, as an attempt to automate Lo
cducation, and as another in a series of technological aids that have failed ’
to fulfill initial expectations. However, the majority felt that if CAI can be
shown to meet concrete needs, teachers will more readily adopt it. To this R
end. demonstrations must be combined with careful, honest and critical
evaluations that convincingly indicate. the effectiveness of CAl applica-
tions. These evaluations should entail more rigorous cost effectiveness
analyses, specification of goals, and measurement of instructional effec-
tiveness. Such evaluations will help provide a basis for systematic improve-
ment of educational methods.
The participants agreed that the problem of high costs (category e) is an
important one. However, it was felt that normal commercial pressures in
already existing markets will do much more to bring down costs than any
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extra effort made for educational applications. 1t is more important at
present to concentrate on difficulties that are specifically educational:
specifying course objectives so that cost effectiveness can be measured.
and developing appropriate accounting methods. The cost problem will
probably be worked out first in colleges, which have fewer restrictions in
allocating funds and reordering priorities, and which are most likely to
have access to computer installations.

Problems of technical rescarch and development (category /) were
judged to be less important than educational and economic problems in
inhibiting widespread use of the computer in education. The most signifi-
cant problems were considered to be the need to improve the reiiability of
hardware and the design of student terminals. There was sharp disagree-
mient about the necessity of improving the computer's ability to accept
free-form responses from the student, For those who saw CAl as ultinzate-
ly assuming a “‘Socratic™ or tutorial role, this was considered critical: for
those who did not see this role for CAl, it was unimportant. Programming
languages were judged not to be asignificant problem.

During the conference.that completed the research process, the pai-
ticipants evaluated a number of action statements that had been suggested
for encouraging more widespread use of computers. The 15 on which there
was the most agreement are presented below.

A. Rescarch and Development

Learner controlflearning styles. Develop systems that allow more
learner control of the material and of the style of teaching.

Educational terminal (graphics/audio). Organize a team of industrial
designers, engincers, teachers, and students to develop one or several
cducationally oriented computer terminals.

L.earning theories. Develop a foundation of theories of learning and
experimental data which would enable the computer to be maximally
flexible and effective in teaching, as opposed to being a page-turning
and response-recording device.

Software format. Establish a format for the production of software tlhat
will make it usable in a variety of hardware systems.

Cooperative/competitive. Develop programs in which the student ques-
tions the computer rather than the reverse (cooperative rather than
competitive use of the computer in a learning situation).

Model town. Set up a large-scale model demonstration of CAl-in-tlie-
home in a new town (200 new towns are now in some stage of planning
or construction in the US.).

Learning styles. Develop the capability to identify and matels student
leaming styles in different content areas with appropriate pedagogical
techniques.
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B. Action and Implementation

Simudation and gaming. Concentrate curriculum development efforts on
utilization of the computer’s unique capabilities, ¢.g.. in problem-
solving exercises, simulation, and gaming.

Support teachers in CAl development. tdentily teachers who are good
writers and who have classroom experience in computer applications
and support them in the writing, publishing, and distribution of quality
curricular materials.

Summer workshops. Institute summer workshops to provide teachers
with hands-on experience with available CAI systems.

Model schools. Set up one or more CAl-based model schools (elemen-
tary schools, high schools, or college campuses).

Cooperative project. Implement a cooperative project involving a com-
munity college system and a major commercial producer of educational
materials to develop. test, and demonstrate a remedial course, such as
remedial English. .

Large-scale demo. Mount a large-scale experiment (o demonstrate the
economic feasibility of CAl.

Finance teaching of CAl techniques. Finance teacher (raining institu-
tions to include practical training in the use of hardware and software,
and in the techniques of integrating CAl with the traditional ¢ducation
process. ‘ .

Professional ineentives. Establish professional incentives for university
faculty through a grant program that requires from the recipient univer-
sity” assurance that work on CAI development would be judged equiva-
lent to resecarch, in terms of promotion, salary, etc.

The list comes from what was intended to be the final budget allocation

exercise culminating the workshop evaluations of feasibility, cost-effective-
ness, and special benefits. However, the conferees objected that such an
allocation could be misconstrued as being far more conclusive and signifi-
cant than was actually the case, especially since the action statements did
not include any details of implementation. Consequently, it was agreed
that the allocation figures would not be published. Instead, the list of 15
action statements simply consists of those statements which received the
greatest number of allocations, irrespective of the size of the allocation.
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Chapter IV

Comprehensive Discussion of Results

This section contains a description of the questioimaire sequence, and
extended discussion of the substantive results that emerged from the
study.

Question One )

The first major question required participants to estimate the desir-
ability of, and the computer’s potential contribution to, a number of
presumed educational benefits that might result from the use of coinputers
in the instructional process. This section was planned simply to deriv: a
working framie of reference as 10 what the group anticipated would be the
desirable outcomes and potential contributions of a wide-spread instruc-
tional use of computers. Consequently, after the first questionnaire had
obtained a rough degree of unanimity, attention was directed much more
heavily toward the other scctions, giving responses to this first question
only a slight degree of further refinement.

The first questionnaire presented 11 items for consideration. Respon-
dents were asked to supplement these with any other educational improve-
ments they thought significant. Seventy-two additional items were re-
ceived from this round. From these were chosen three improvements that
were most frequently suggested; these were presented for rating in the
second questionnaire. The third questionnaire presented all 14 items in
rank order and asked for comments wherever a respondent disagreed with
any evaluation. : :

Response to the first question was clear and generally uniform. There
was substantial agreement that where adequate facilities and quality course
malerials are available, subject matter can be taught more rapidly, mean-
ingfully, and thoroughly with the computer’s aid. In general, the group’s
opinion was that the proper use of computers in instruction would make
cducation more productive and effective, allow for greater individualiza-
tion, and provide for greater equality of educational opportunity.

There was also strong agreement that computers could make their
greatest contributicn to the instructional process by enabling students to
interact with systems of realistic complexity: c.g., in the physical, social,
and behavioral sciences, and in business, engincering, and medicine.
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Several other direct educational benefits were identified. For example.
because they can provide more immediate feedback, computers in instruc-
tion may afford more efficient learning and perhaps help produce more
highly motivated students. Also. more widespread computer use might
provide greater flexibility in scheduiing learning programs; e.g.. courses
could be made available in public libraries. dormitories, or homes. Ratings
of these and other opinions on the ways computers could be used to
improve the educational process have been summarized in Table 2.

TABLE 2

Response to the first question, “In what ways fin you bekeve
hat the use of s ~ould the
educational process?”
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Questions Two and Three

The sccond major question asked respondents to evaluate the problems
that have kept CAl from being more widely developed and accepted. In
the first round. a list of 23 possible obstacles was presented and respon-
dents were asked to rate these and suggest additional items. From the 49
additional items that were returned, 16 were added in the second question-
naire and were rated along with the old items, which were organized into
categories. In the third questionnaire the list was presented again for
rating. in category format. Within each category the following two ques-
tions were asked:

Do you feel that this is an accurate representation of the problems in
this area? (What comments would you add to niake the picturé more
complete?)

Do you feel that the nature of the problems in this arca differs signifi-
cantly for different levels of education (e.g.. precollege and college)?
If so. how?

A few representative comments that touched on key issues were also pre-
sented in each category for the respondents to agree ur disagree with.,

The third major question requested suggestions for overcoming the
obstacles identified in Question Two and for facilitating the growth. in
value and acceptance. of CAL in the future. The 80 suggestions received
from the first questionnaire were edited and reduced to 38 items, or-
ganized info categories. and presented in the sccond questionnaire for
ratings. In the third questionnaire, the three most highly rated items in
cach category were presented. and the respondents were asked *“*Are there
other suggestions that you believe are more important than these?” In
addition, in a final scction of the third questionnaire, the respondents were
requested to outline two or more action plans, based on one of the three
suggestions in cach category, or any additional idea they felt was worth
exploring. These action plans are presented in original form in A ppendix 4.
They provided most of the 83 action plans ceusidered at the conference.

The sequence used was not a strict Delphi application. It soon became
clear that CAl has too many dimensions for a simple iteration of rating
refinements to achieve the substantive overview that was the goal of the
study. The sequence did, however, stay within the spirit of the technique
in feeding back inputs for clarification and sharpening of focus.

Some convergence was obtained in the item-rating of obstacles (sce
Appendix 3). 1t is interesting to note that the Questionnaire 2 ratings, in
which the Questionnaire | data were presented in bar-graph form and a
simple rerating was requested, did not converge significantly, That is, re-
spondents were not moved to change their ratings by sceing the group
data. With Questionnaire 3, however, respondents were asked to comment
wherever their final rating fell outside the interquartile range of group
responses for each item. Here there was substantial convergence, as would
be expected. Evidently, feeding back group data, without requiring an
explanation for disagreement with the majority, does not result in a refine-
ment of consenstis,
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The responses to Questions Two and Three were numerous and diverse.
So that these could be more effectively considered. they were grouped
into categories. The objective in selecting the categories was to reduce the
effort required of the respondents by providing a degree of organization
while superimposing only a minimally artificial structure. The six cate-
gories finally scttled on. after some revision during the sequence, were
these:

(1) Production and Distribution of Instruc tional Materials
(b) Demonstration

(¢) Theory of Instruction

(d) Educational System and the Teacher

{ej Cost

(f) Technical Research and Development

In the following discussion of results, the questionnaire data. confer-
ence dialogue, and action plns are interwoven in a description of the
overall issue of CAl acceptance as seen by the project participants. The
report is written in such a way as to reflect what seems to be the generally
held opinions, while making distinct the issues that provoked disagree.
ment. The attitudes expressed are not the authors’; rather they indicate
what the authors fecl were the group’s views. The discussion is organized
into the categories listed above, with a brief introduction to each describ-
ing general arcas of agreement and disagreement.

A. Production/Distribution of Instructional Materials

Obstacles identified in this category grouped themselves as problems of
lack of interest in, diffusion of responsibility for, and lack of incentive for
the development and distribution of computer-based materials. Table 3
displays specific factors relating to the production and distribution of
instructional materials that were judged to be significant impediments to
widespread compulter use.

There was substantial agreement that the inadequate supply of effective
instructional materials was the most serious short-term obstacle to wide-
spread use of computers in the instructional process. The problem which
received the highest ratings in terms of importance in the entire question-
naire was Htem 1: the lack of good, readily available computer-based edu-
cational materials. The consensus of the group was summarized by one
respondent: “‘Adequate course materials seem to be the key variable. Hard-
ware is now available, and improvements will be inade continually. How-
ever, course development is slow and needs far more attention. The quality
of CAl will be determined by the quality of the materials inserted into the
compuler.™ _

The reasons for the scarcity of good materials are complex and inter-
related. Generally, they have to do with .“ie lack of established production
methods and procedures, the lack of p1+f2;sional and economic incentives,
and the vagueness of market prospects. It was the majority view that a
market must be established, initially with federal backing or incentives,
but even tually self-supporting, and that attractive and marketable new uses
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TABLE 3
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ditlmentisted team,
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8. Leck of dardization of $vstems, hmitng froe exchange of
sofivare,
9. lack of 1] for p ing patants, copyrights, etc., for
CAl materisis, -

10, Lack of an organizetion to facilitate interchange of CAl program materials,

EEEE

of CAl such as simulation, gaming, and problem-solving, should be devel-
oped. There was, however, some fecling that this was essentially a “stock-
holder™ approach, with its emphasis on commercial development of CAI,
and that such a limited viewpoint does not meet the magnitude of the
cducational problem, nor the urgency of the need for change.

Within this first category (Production and Distribution of Instructional
Materials), the major concerns can be grouped under the following head-
ings: new directions, the author, incentives, the market concerns of the
publisher and of hardware and software manufacturers, market develop-
ment, production models, royalty and copyright, standardization, and
national organizations. Specific concerns in regard to each of these items
are summarized as follows.
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New Directions

More imaginative. effective. and marketable forms of CAl need to be
developed*** (see Section C. Theory of Instmiction. for further commen
tary). Overemphasis on tutorial and drill and practice applications. and
insufficient emphasis on other instructional strategies. have had a stulti-
fying effect on CAl's growth. Consequently. computer use in education
will be strictly limited until new and striking areas of exploration are identi-
fied and developed. One promising dircetion for effort is the area of
simulation and gmming, an area in which the computer provides capabilitics
that cannot be duplicated by any other instructional means. Compara-
tively little has been done to enhance the computer's nse in this area. The
creation of effective simulation and gaming materials should be a major
goal in developing a substantial and viable CAl market. and in furthering
CAI acceptance. *** (See Tables 2. 3 aud 5.)

The Author

ln the third questiounaire the following question was asked of the
participants: “Who are most likely to be the primary producers of CAl
course materials?” Only bricf responses were requested. but the answers
serve to indicate the general orientation of the group in approaching the
problem of author incentives. Of those responding. seven named university
or college faculty as the most likely authors, Seven others listed the private
sector — i.e., publishers, instructional-matcrials houses. Several in this
group added that CAl materials would be produced in the sime way as
textbooks. but with experts in production techniques to backstop the
authors. Six of the remaining responses focused on various team ap-
proaches to materials development. (See Appendix 2.

Incentives

A significant problem, particularly at the level of higher education. is the
absence of economic and professional incentives for designing. developing.
ind distributing CAl materials *** (Sce ltem 2. Table 3.) Incentives are
particularly importaat at the university level, where there is the greatest
potential for developneent of materials, as noted above. At the university
level the lack of professional incentives stems from the general disinterest
in improving teaching methods (ltem 3, Table 3). Current academic incen-
tives practically ignore the development or improvement of instructional
techniques. Thus the participants generally agreed that more resources
should be directed toward recognition of technological applications in edu-
cation and toward revising the academic reward system.** Incentives com-
parable to those provided for disciplinary research should be made available.
i.e., financial rewards, prestige. and enhancement of carcer. In effect, this
would mean a legitimization of work in the area.

Part of the difficulty is that the production of compuicr-based
materials is far from the point where the writing of CAl materials could be
cquated to the writing of textbooks. Consequently, many university
faculty will have to be willing to undertake intensive, and perhaps exten-
sive, personal education in computers and CAl techuiques. This difficulty
may be purtially obviated by using a team approach in which the author is

&S
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supported by a technical tcam. Nevertheless, faculty members now derive
little advancement, and indeed are often penalized. for devoting more than
a fraction of their time to refining teaching methods. Progress will be
retarded in developing good college-level computer-based maierials, and
new instructional methods, unless or until the prevailing counter-incentives
are removed.*

Elementary and secondary school teachers are also affected by the
absence of professional incentives for involvement in the formal develop-
nieni of course materials. However, as discussed in Section D (Educational
System and the Teacher), they are less likely thuan university faculty to
have the time, skills, or resources required for courseware development.

The issue of economic incentives is very different from that of profes-
sional recognition. It is not a problem of arranging appropriate incentive
structures for CAI authors. Rather, it is one of determining where the
money will come from to provide the incentives.* As one spokesman for
the publishing industry observed, “The appropriate incentive structures are
already available and are simply waiting for the market to develop. All of
the techniques of payment are there. There is no lack of willinguess to pay
generously for the work; there is just the question of which is more practi-
cal in a given case.” In other words, once there is a market supplying
money to develop CAl course material in some sizable quantity. the
needed materials will be developed and publishers will quickly resolve the
royalty-versus-sulary-versus-*something else” incentive problem. (It might,
however, be noted that this reasoning is circular, since a market probably
cannot be established unless good materials of demonstrated eftectiveness
are available to begin with. There is a further discussion of this point in
Chapter V, Conclusions and Recommendations.})

Market

A market success for CAl is critically needed to catalyze public and
private investment.** Investment is clearly needed by hardware companies
as well as publishers or software producers. The kind of market that could
give rise to such success would have to present sufficient volume for mass
dissemination and should also offer low social resistance to change.* Many
of the CAl programs and applications that have been developed are in
advanced college-level topics and are so innovative that they do not have
impact on high-volume courses. Many other CAl developments are adjunc-
tive to the regular instructional system, representing an add-on cost rather
than & replacement cost. They therefore do not promise the ecoromic
impact that can stimulate strong motivation for social changes. This issue
was raised in detail throughout the questionnaire and conference phase of
the study, with several significant viewpoints emerging from the inter-
action of the study’s participants. The viewpoints of two representatives
from the commercial sector are discussed below.

a. The Publisher The critical questions directed at publishers are these:
a) why haven't they been induced to invest their own money in achieving
CAI success? and b) what are the reasons for the relatively. modest amount
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of publishers” nioney invested in specifically CAl materials a; distinguished
from the very large investnient in other progrant materials?

The a2nswer, in large part, is skepticist about the success of CAl as an
altemative teaching technique and skepticism about the likelihvod of
developing a viable market in the near future. Even if publishers were
confident of CAI’s eventual effectiveness and profitability, they would still
be faced with many kinds of investment necessary at this stage of develop-
ment which are not the sort of investments that commercial sale of
materials can recover. For example, when a publisher is producing a con-
ventional textbook, he does not have to invest money to find out how to
write textbooks. That information is already common knowledge. and
writers know how to use it. Also, the publisher does not have o invest in a
marketing effort to try to persuade customers to invest in his type of
product. The public — that is, the school system — already buye - xt.
books; the publisher need only persuade potential clients to bv, ‘v e
of book. But if the publisher is in the CAI field, hie must first work toward
establishing a market for CAl products. He has to invest both in the pure
rescarch that underlies production and also the specific research and test-
ing of his particular product. Furthermore, his nuarketing effort has to be
addressed toward inducing the school to use CAluechniques as well as his
materials. Clearly the market will not now support that level of' invest-
ment.

Nevertheless, that does not mean proper financing cannot be raised. For
example, the publishers might he induced to make a considerable invest-
nient, on a shared-risk basis, if comparable government or foundation
support could be provided. The shared funds could be used to support the
rescarch and development necessary 1o establish production techniques.
procedures for duplicating and disseminating materials cconomically, and
refated requisite activities such as teacher-training workshops. This would
not simply be basic rescarch on instructional techuology, but rather an
effort to establish, or at least prepare the groundwork for, a sizable
market.

b. Hardware and Software Manufacturers A representative of a large
nianufacturing firm said that an impressive sum had already been spent for
CAl only to confirm some very simpie and, at least in hindsight, obvious
conclusions. One such conclusion was that trying to design special
hardware and software for educational purposes was a mistake. There is
too great a gap between design requirements for education and those for
business or science, and the computer market in the latter areas is already
extensive and well established. Although some work may continue on
specialized terminal development, manufacturers should not go out of
their way to support markets that are exclusively educational.

Another vonclusion was that the course material problem is more diffi-
cult than expected. It is not, as they had hoped, simply and satisfactorily
resolved by an alliance with a publisher. The publisier's role typically is
not to develop materials, but to scout for, edit, package, and sell them.
Unfortunately, if there is no readily available source of materials, the
publisher is not necessarily prepared or motivated to create it.
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A final problem was that in nwost torial and drill and-practice applica-
tions, computer-presented subject matter did not produce any better re-
sults than traditional instructional methods, nor any saviugs in cost. Al-
though this might liave been the fault of the material rather than e
method, it led to their conclusion that such applications of CAl are. for
the foresceable future. a very poor business proposition.

It should be noted liere that a majority of the participants did not
concur with the manufacturing spokesman in opposing developnient of
hardware designed especially for educational use. Rather. the lack of ap-
propriate hardware for CAl was judged by most to be a problent.** (Sce
Section F, Technical Research and Development.) 1t thus scems that when
this problem is ultinately resolved it will not be through the efforts of
large manufacturers, at least in the near future. The resolution. it was
suggested, will probably come thirough small and innovative hardware ¢com-
panies, ready to take large risks for the market returns that could be
obtained from a well-received CAl hardware systent.

Market Development

Federal tunding will probably be necessary to resolve thie stalentate over
cconomic incentives and to stimulate the growth of the market.** The
cost of preparing materials is so high and the investment so risky that
sources of substantial investment other thizn the government are unlikely.
Clearly, authors will not be casily persuaded to devote many years of hard
work developing a program that may never sell, nor will publishers be
quick to accept the risk of paying authors for their time, without the
demonstrable need that assures a market. The aliernatives are a broad
program of federal funding or a liberal federal policy regarding support for
private research and development.

There were a number of suggestions as to ways in which federal financ-
ing could support the production and marketing of CAl materials. Some
involved subsidizing development of instructional materials within each vf
the major disciplines. For example, discipline-based groupings (like the
NSF-sponsored Commission on College Physics) might be established.
These could draw upon prominent scholars in the discipline to develop
curricula that imaginatively exploit the computer’s full instructional cap-
ability. Their materials could then be offered for commercial distribution,
with royalties shared by the authors, the commission, and the government.
Other proposals were less concerned with facilitating disciplinary develop-
ment of computer materials. One suggestion, for example, emphasized the
importance of drawing in professionals of high intellectual caliber who also
have a deep understanding of both computers and education. A significant
problem has been the lack of persons with appropriate training and talents.
as indicated in Itemn 5, Table 3. Because professionals with such specialized
talents and broad interests are at present rare, a primary goal would be to
establish research institutes and programs to attraet and train them.*

There was also emphasis on forming commercial groupings and coopera-
tive research tecams to study, develop, and experiment with CAl pro-
grams.* These might be initially encouraged by government support; how-
ever, once a solid market was available, they would continue on a com-
mercial basis. One associate of an educational computer center thought
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that, instead of paying authors for developing course materials, educa-
tional computer centers might sell their services o an author-publisher
team. That is, universities could be subsidized to provide technical support
and computer time for curriculum development purposes. Publishers then
could be encouraged to seek out authors who are talented in a particular
area and to buy, at reduced rates, the required techsical support services.
In this case, the author could receive a royalty incentive from the pub-
lisher, and the publisher could purchase reasonably priced services without
having to invest in their development himself. This procedure would be an
alternative for structuring program development that provides proper
incentives for authors aud relieves publishers of a prohibitively high capital
investment.

A participant involved in curriculum production recommended getting
individuals interested in CAl design and develupment to incorporite as an
organization. The corporation would go to the publisher for advice, for
marketing services, and possibly for initial financial backing. Tu in-
corporate, of course, would unguestionably involve heavy investment,
cither by the deveiopment group or the publisher or both. Again, federal
subsidization would probably be needed to carry the venture until the
market was large enough.

Production Models

In the development of CAl materials the continued reliance on the
“textbook-author™ model instead of the “‘movie-production” model has
p:oven to be another problem** (see Liem 6, Table 3). The CAl medium is
technologically complex, and a thorough knowledge of its technical cap-
abilities is essential to full utilization. One might conceivably find wlented
authors who have combined expertise in presentation techniques. com-
puter science. and academic disciplines; but such a combination would
have to be rare, given the demands of specialization in any one area.
Consequently, a task-force approach, deploying a highly skilled. differ-
entiated team that divides the responsibilities of authoring, formatting,
and programming, ay be necessary.

To suggest such an approach is not to deny that many successful teach-
ing projects have been designed by individuals. Indeed, most major curricu-
lar reforms, particularly at the college level. have been effected through
texts produced by one or two authors, and not by large curriculum devel-
opment teams. However, there was no need in these cases for extensive
technical support, as there would be in CAl development.

Ropyalty and Copyright

Legal control of CAl materials was an issue which received discussion
among several conferees (see ltem 9, Table 3). The author's right to con-
trol the content of a book indefinitely is traditional in royalty contracts,
but this is a tradition that the publisher cannot afford 1o follow when he is
dealing with CAl materials. Publishers should have the right to control the
program’s ultimate content since they need to have the flexibility to im-
prove instructional materials as the materials go through iterations of use.
An appropriate option for the CAl author might be the prerogative to
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rentove his name from any revised program, while continuing to seceive
royalty, but not the right to control indefinitely what is in the program as
it goes through the recycling process. The issue is that greater economic
reward through increased royalties simply may not be sutficient incentive
to the author to improve his materials: however, the possibitity of periodi-
cally improving or updating materials wouid be sttractive to the publisher.

Copyright is an issue related to tiie control and content of course
materials. Although the project pacticipants did not consider copyright
laws 10 be a factor which signiticanily inhibits acceptance of contputers in
instruction, they dJid stress the need for a copyright structure that protects
the tax, foundation, and private money invested in developing new mater-
ials. The basic need is for a flexible policy that suteguards the public
interest by allowing widespread dissemination of materials generated by
research, but at the sanx time permits varying degrees of copyright protec-
tion.*

Standardization

The issue of stumdardization represents a substantial obstacle 1o
broudening the CAl market (Item 8, Table 3). Lt is possible that if there is
nar more quality control and standardization, the result will be a weak
market that will not compete with other instructional materials.* Edu.
cators are already somewhat bewildered by the profusion and variety of
technological aids.

The key question is whether CAl will turn out to be a relatively uni-
form technology that casily permits transfer of materials, programs etc.,
from system to system. The alternative to uniformity would be a vertically
amanged organization where whoever provides hardware would also pro-
vide the accompanying software and course materials. That is, CAl systems
would be sold in packages, with one company providing all requisite equip-
ment and services for the package. Standardization, on the other hand,
would permit separate and independent markets for course materials and
hardware, respectively. Thus the viewpoint of those who want to see a
broad-based and open market for course materials is that standardization is
a logically necessary first step.

National Organizations

The problem that was of least importance among the questionnaire
items (see Item 10, Table 3) was the lack of an organization to facilitate
interchange of CAl materials. It was felt that there are alrcady several
publications devoted to describing the characteristics and availability of
CAl courseware, and that more will appear as the production of materials
increases. The limiting factor is the lack of awareness that these infor-
mation resources exist.

In a slightly different context, it was agreed that more national leader-
ship is needed to coordinate CAl development and its adoption into
schools. In Questionnaire 3 (Appendix 2), 22 out of 28 responses agreed
with the statement that “national centers are needed to do research, to
develup resources, to study policy questions, develop strategies. ete.” The
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educational reforms that effective CAl use will necessitate are of a highly
intricate nature and will require careful analysis and planning.

One conferec suggested that accrediting agencies might serve a leader-
ship function in setting minimum standards for computing which would
draw schools toward a broader and more effective use of CAlL. However,
the majority argued that this approach would encounter serious problems.
It is very difficult to frame minimum standards to bring about a desired
effect; it is much easier for agencies 1o write checklists based on such
simple determinations as academic degrees held by the faculty or nuimber
of books in the library’s collection. Poorly conceived criteria weuld hinder
rather than help the development of CAl.

B. Demonstration

A persuasive demonstration of the benefits of computer-based instruc-
tion was judged to be a critically important siep in gaining acceptance for
CAL. There was strong agreement that there are presently far too few
examples of eftective CAl use. A few participants expressed the belief that
the supposed resistance of the educational system and the educational
market to CAl is based solely on the lack of compelling evidence that CAl
is, in fact, more effective than other instructional media.

There were several points of disagreement with regard to the kind of
demonstration that would be appropriate. On one hand, the following
viewpoints seemed to form a logical grouping: CAL is ready now for a full
demonstration in certain applications; a dewionstration should not involve
such a revolutionary application i CAl that di.:2™inaticn would be
hindered; the demonstration should prove the econo:..ic feasibility of the
system so that it can be adopted directly by schools. The opposing view-
points were these: CAl requires further exploration and large-scale experi-
mentation before it will be ready for demonstration; CAl should be used
to implement needed radical changes rather than be tailored to present
systems; and demonstrations should be oriented toward proving that CAl
can offer clear advantages in quality of instruction, rather than toward
emphasizing its economic feasibility.

Differences seemed to stem from conflicting views as 1o how CAl will
develop; these were similar to the divergent views noted in Section A. One
view seems to be that CAl is basically another instructional medium like
books or TV, paiticularly useful in some areas; and once a market is
established, CAl will continue to develop from commercial incentives to
improve it. An alternate view seems to be that education must be re-
oriented on a technological base so that instruction can be improved in a
sysiematic way, as is needed in an increasingly technological world; CAl
provides an exceptional means for providing such a base and should be
carefully developed on a large scale with extensive long-range societal and
governmental support.

Specific factors relating to the issue of demonstration that emerged in
the questionnaire sequence are listed in Table 4. Topics receiving discus-
sion were: large-scale CAl demonstrations, quality and feasibility, educa-
tional level, and likely areas for successful demonstrations. Specific con-
cerns in regard to each of these items are as follows:
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TABLE 4

D Resp in this category pertained to the
lack of a well-designed, convinCing demonstration of the bene.
s of computer-based instruction.

Too few examples of high quaiity use.

Lack of compelling evidence that CAl 1s more sffective than other methods of
compareble cost.

Lack of tully pl d trosd proge of CAl experi ion in actual
school sattings,

Failure 10 design curricule end syst for high
“markets™ where real institutional problems can be solved.

Lack of “cintical mass™ in setting up programs.,

Lurge-scale Demonstrations

Opinion was divided on CAl’s readiness for large-scale demonstration.
Of those responding, sixteen agreed that “inore trial and error is needed
before CAl is ready for the risk of a large-scale demonstration™; 11 dis-
agreed (see Appendix 2). While there was general agreement that a need
presently exists for setting up large-scale CAI systems. some saw the effort
as 3 means for demonstrating the feasibility of CAl; others, however, saw
it as only a beginning of the kind of extensive experimentation that is
needed at this stage of development.

On one side, it was felt that enough is now known about CAl for
successful large-scale demonstrations to be mounted without further ex-
perimental exploration. Such demonstrations, it was suggested, should
focus on a few specialized and carefully developed forms of CAl. If CAl
can be successfully demonstrated in one or two important and realistic
applications, it would probably be widely adopted for those uses. Once the
equipment and expertise begin to appear in the schools, other applications
would much more readily develop.

On the other side, a more cautious viewpoint was advanced by some
participants. They agreed on the need for continued experience with day-
in-day-out use of numerous terminals in a comprehensive, standard cur-
riculum.” But projects should be undertaken with a view toward explora-
tion and development, rather than demonstration of universal feasibility.
Demonstrations can become important only after several fully effective,
validated programs have been developed in this way.

The idea of “critical mass” in the size and funding of a CAI demonstra-
tion is important.* When funds have been available in the past, they were
typically insufficient both in amount and in duration. Yet a critical mass
«:f resources is crucial if the full range of interlocking educational problems
is 1o be solved. The research and development effort with a narrow focus
¢i technology alone is by its very nature bound to be insufficient. By
analogy, a space program with developmental projects limited solely to




boosters or the launching pad would never have landed a man on the
moon. The full range of requitements for systems must be identified,
funded. coordinated. and projected over time with “benchmarks™ to mea-
sure progress, and to insure effective management. There might be several
massive experiments. on this order. designed to crack the cost/quality
barrier.

One respondent suggested the idea of a balance between the minimum.
scale demonstration that would show an economic or educational advan-
tage and the maximum-scale demonstration that could be adopted by tradi-
tional schools without major reorganizations. To have a demonstrably
beneficial impact on a school’s functioning. a CAl system would have to
be used fairly extensively. At the some time, if the demonstration system
wete too elaborate and required schools to completely make over their
established organization, it would hinder wide dissemination.*

Conversely, some participants judged such massive reorganization to be
exactly what is needed: indeed, they felt that the best function of CAl
might be to implement this kind of radical change,

Quality and Feasibility

There was a clear division of participants as to whether the primary
oricntation of CAl demonstrations at this time should be toward demon-
stration of high quality instruction or demonstration of economic feasibil-
ity. Those in favor of demonstrating high quality felt thi cost was irrele-
vant. They argued that one should wait for a convincingly dramatic dem
onstration before considering how to zchieve the same results more
cconomically. On the other hand. thouse who favored a demonstration of
cconomiic feasibility felt that to be more important, especially in view of
the current financial retrenchments in education. 1t was their belief’ that
high quality instriction will come naturally as experience accumulates and
talented persons move into the field. As long as schools cannot afford CALL
the quality of programs is of secondary importance. This division of
opinion regarding cost and quality scemed to be based on some miore
fundamental expectations of how CAl will develop. On one side, it was
assumed that equipment costs will drop because of ordinary muarket pres-
sares, and that CAl will benefit from further exploration of its instruc-
tional potential. On the other side, the concern was voiced that CAl can-
not even begin to take root until costs become more reasonable. As
schools begin to accept the concept as well as the costs, the refinement of
programs will take place automatically.

Educational Level

Theie are wide differcnces between the type and size of demonstrations
likely to be successful for precollege and those aimed at college-level
instruction.** Three main factors were considered: (a) Computer re-
sources (hardware and personnel) are established and available at the
college level. Their prior availability seems to lead to greater acceptance of
conceptual demonstrations and willingness to build unique systems begin-
ning with the demonstrated concepts. At the elementary-secondary level,
however, a complete package must be demonstrated because of the lack of
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availuble computer resources. This package must include a hardware sys-
tem in addition to conpater programs, teaching aids. materials, etc.
Because such a package is expensive. the demoustration must be all the
more thorough and convincing. (b) The teacher at the precollege level has
only a limited control over facilities and materials. most of which are
chosen by statewide boards or district administrators. At the higher educa-
tion level. the individual instructor has much more control, subject pri-
marily to financial restrictions. The implication of this difference is that
initial demonstrations at the elementary-secondary level must be designed
to convince administrators of the virtues of CAlL: while at the university
level they must convince the instructors. (¢) Another important factor is
that at the precollege Ievel CAL is likely to be competitive with existing
modes of instruction. displacing persons and methods, and hence pro-
voking resistance. At the university level, however. CAl programs extend
rather than replace ongoing programs. and enhance the sponsoring profes.
sor’s status: hence they require less conclusive demonstrations of value,

Arcas for Successful Demonstrations

Considerable attention was devoted to identifying arcas in which CAl
could be successfully demonstrated. In Questionnaire 3. the question was
asked: At what level or in what area of education would CAl be initially
most effective and most likely 1o induce a widespread acceptance?” The
niost frequent suggestion was to use CAl in teaching basic skills, such as
math and English, either at a precollege level or in remedial and introduc-
tory courses at junior or community colleges (sce Appendix 2). Other
suggestions that emerged from the study (several overlap the basic-skills
suggestion) were: remedial programs for the disadvantaged; curriculum
development within a discipline; advanced college-level uses; community
colleges; education for the handicapped; and vocational, industrial. and
military tzaining.

Remedial programs were judged a particularly appropriate sector in
which to invest CAL efforts.** Specialized use of computers in remedial
education could provide broad subject-matter coverage to numerous stu-
dents and simultaneously afford substantial justification for using educa-
tional funds for this purpose. For example. providing remedial education
for urban minority children, especially in combating the reading retar-
dation problem, could be a particularly appropriate initial use uf CAL As
one respondent suggested, *“*major concentration should be on designing
two or three alternative CAl programs aimed t this specific problem. The
social needs are greatest there, and the resources for funding research and
development and for actually buying and applying developed materials are
greatest there. Moreover, successes in this sector would attract wide atten-
tion and lead to much fuller support for further extensions and appli-
cations of CAL” A caution was noted by one participant that it CAl were
to become :ssociated in the minds of the educator with primarily remedial
education, it would run the risk of being relegated to that use in the
future,

Development of high-quality computer-based courses within a partic-
ular discipline was considered a useful way to advance CAL* Recom-
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nendations were made 1o support the development. in one or more
disciplines. of a complete curticulum that would make heavy use of the
computer and other instructional technologies. For instance. a program
similar to the one that resulted in the PSSC physics course might be
instituted. This program would ivolve a single strong thrust toward a
carelully designed course, with participation by interested. qualified
teachers from all parts ol the country. and with sammer institutes for
teacher training. Such an effort should entil developing high guality
materials, using the best talents, and serving a specific function: the
program should not be under pressure to serve a large number of students
immediately.

Community colleges were considered 1o be an important sector for
demenistration because they are newly developing and do not have
traditions and long-standing practices 10 overcome.* CAl applications in
the community college could be designed to satisfy unmet neceds. rather
than to displace or replace other well.established materials. Also. since
conmunity college instructors are frequently confronted with the problem
of providing a substantial amount of remedial instruction. they might
welcome any assistance in making such classes more effective.

Similarly, weachers at large universities might be receptive 1o procedures
that minimized their teaching time.* Their careers, their professional
prestige, and their advancement do not, in many cases, depend on their
teaching accomplishments. Consequently, they might welcome any tech
nique that enabled students to learn at least as well as they do now, with
less investment of time and effort on the teacher’s part. Applications at
the undergraduate level would be most successful if they dealt primarily
with basic factual material, in which the humanistic mystique of personal
instruction is least likely to be embedded. Other successful applications at
advanced levels could take the form of diagnostic problem-solving, simula-
tion, and gaming. One might also anticipate ready acceptance of CAl in
those professional areas, such as medical technology. that need continually
to update, ie., to keep current with new techniques, new processes. and
new information.

Another good prospect for CAl demonstration is education for the
handicapped.* The payoff has been great in past atempts to develop
technological services for special education. For example, an attempt 1o
develop CAl materials for the visually handicapped coul:! concentrate at.
tention upon the legibility of the display panel. This diss¢tion of reseaech
would provide benefits beyond satisfying the needs of the visuiily handi-
capped. To be able to present more information on the screest and d- it
more legibly would provide benefits for all forms of CAL. CAI resezich has
not been pushed far enough forward in a number of places wherp: it might
have been very appropriately used. If autention is focused un specific
pioblems. such as the handicapped, the nel impact of those particular
programs will be increased and the outcome that much more impressive as
a demonstration. Adequate funds are available for research and develop-
ment in special education. Consequently attempls to aid sociully needy
groups like the handicapped have good promise for sufficient support.
Several participants suggested the advantages of successful demonstra-
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tions outside the education sector.* They noted that CAlis most frequently
discussed in the coniext of traditional education where its use encounters
the most difficult problems. To build up confidence in CAl, why not
promote convincing demonstrations in types of instruction that seek to
provide measurable skills in measurable amounts of time? Such appli-
cations can be tound in military and industrial training, and perhaps also in
the trade school curricula. Consequently. these areas seem to offer par-
ticularly promising targets for initial CAl development.

C. Theory of Instruction

The need to acquire greater understanding of the instructional process,
and to use this knowledge in developing innovative and etfective CAl
materials, were judged to be problems of long-range importance. There was
agreement that the computer's potential is far from being fully utilized in
present CAl systems — in fact, in many applications the computer serves
merely as a page-turning, response-recording device. The majority view
niintained that more emphasis should be placed on developing the com-
puter’s many unique capabilities. and that such development would be
prerequisite to demonstrating the true advantages of CAl over other in-
structional media.

There was disagreement as o whether such an effort to fully zefine CAl
techniques should involve extensive basic research in learing processes, or
whether it should be on an applied level. Some participants stated that
learning theory research is irrelevant to CAl design; the opposing position
was that eifective CAI materials cannot be created and improved in a
systematic way without solid theoretical grounding. The resolution of the
dispute seemed to lie in a qualified statemient that current learning theory
is generally irrelevant 1o CAI design, but there are arcas where data collec-
tion and theoretical analysis are enormously important for CAl develop-
ment. particularly the data deriving from CAI use itself.

The pertinent factors that were rated in the guestionnaire sequence are
shown in Table 5. As with previous categories. the diverse concerns of the
participants regarding this arca can be grouped in several subcategorics:
learning theory, unique capabilities of CAI, research use. and learner
control.

g
S EY
TABLE S S’ 3, SA
o/a/®
Theory of instruction. Responses in this category dealt with EQ .5 S §
the need to adopt new and different approact:es for developing & ob IS $
elfective CAl materials. Sfa/E/8)e
11213]4]5s

1. Failure 1o recognize that material must be completely reorganized snd
restructured it it is 10 be taught etlectively with compute: »/stems.

2. Inadequate development of a range of -based ped: pcal

The range might include Question-answers. tutornal, drill and practice.
imulations, games, problem solving modes. etc.

3 Tendency 10 put 100 much “on the computer™ rather than share the
Presentation and testing of cutriculum objectives with other nstructional

kit
preen i
Al

4. Lack of experi data and in b ing psychology which woutd
facilitate the design of effective CAl programs appropnate 10 each age level,
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Learning Theory

One issue that elicited a variety of opinions was the need for more basic
rescarch on the psychology of learning. It was tlie opinion of some that a
major impediment 1o CAl’s acceptance washe lack of wheories of learning
and experimental data concerning the learning process. In their absence,
we have attempted instead to use computers as a way of mechanizing
progrimmed instrnction procedures that have appeared to be effective. We
have not yet developed the means to use computers in different ways more
appropriate to their special characteristics and abilities. Consequently, the
computer’s unique flexibility in problem solving. simalation, and inter-
active dialogue has not been fully utilized by existing CAl sequences.
Continuing large-scale research needs to be conducted in order 1o develop
and refine techniques in the arcas of instructional strategy and logic of
presentation.

Several participants were flatly opposed to the statement of a need for
more basic research in learning theory. Their contention was that an at-
tempt 1o take current theories of learning, which involve very vague and
abstract models, into full account in designing programs would require far
more sophisticated capabilities than are presently provided by any CAl
system. Others agreed with the somewhat different view of a participant
who felt that there are some very valuable areas of rescarch, such as in
problem-solving strategics, but that “research on contemporary learning
has been cither at the level of too great generality, or in the case of
differential schedules of reinforcement. at a level of too great specificity.
very useful for pigeons in drug studies. but not much use for students in
the witorial mode.™

Unique Characteristics of CAl

The computer as an instructional medium is quite unlike traditional
media and needs further siudy in some areas.** Four differences between
the computer and other instructional media were particularly underscored:

1. The procedures for the development and structuring of CAl mater-
ials vary from those traditionally employed in other instructional
media.

2. The computer’s versuiility in sssuming a variety of roles offers new
possibilities for improving instruction; these roles range from passive
i=-“ovii stjonal resource 1o simulated instructor.

3. The responsiveness of the computer enables it 1o teach a process or”
dynamic system through interaction with a student.

4. The diagnostic capability of the computer enhances individualization
of instruction; enormous quantities of information can be exploited
about the past and present performance of a particular student.

Regarding the first point, several respondents remarked that there is a
need for new authoring techniques and procedures. 1t has of course proved
necessary with any new medium (from the book through movies to tele-
vision) 1o develop new production techniques and to train the necessary
personnel; large-scale course development for CAl is certainly no excep-
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tion, Some of the programming. display. and docuneniation techniques
require the solution of problems that have not been encountered with the
older media. This point should not be underemphasized. Many ctirrent
applications of the computer in education have either been pedestrian or
superfluous - i.e., they could well have been accomplished throvgh tradi-
tional techniques or through relatively inexpensive. well-prepared pro-
grammied texts. Users, therefore, have been unimpressed with the outcome
of such experiments md have questioned the contribution of the effort.
especially in view of the considerable expenses involved. Thus, CAl devel-
opers should be engaged in more frontier work and less in gimmickry and
should be concentrating on  developing new methods for producing
materials.

With respect to the second point. it is important to explors and devetop
the full range ol CAl techniques*** (Liem 2. Table 5). A CAl program is
qualitatively quite different from a book. film, or television. in flexibility
of adaptation to virtually any kind of instructional role. It can combine
content and process with evaluation, decision making. and record keeping.
{tis potentially test. text. teacher. remedial specialist, audiovisual special-
ist. guidance counselor, and administrator wrapped into one coherent
system. This qualitative difference raises conceptual and 1echnological
questions not met in other technology-based educational aids. For in-
stance, it must be decided what techniques are suited for different ages,
and what orientations are most beneficial for the stndent in the long run,
One minority view related to this point is that computing is becoming a
basic skill, on the order of reading and writing. Education should teach
this skill so that the student himself can access the vast store of infor-
mation available in an appropriate educational information system. and
find his own answers. "It would be a shame if we denied the student the
competence to use the computer as an intellectual resource. We are turning
out technologically unemployable people in the future if we deny this
really elementary Kind of skill. Computing is a technique that ought to be
shared with the student, as oppesed to being used merely to carry out the
teaching. It should be the thing taught.”

A third unique aspect of the computer. that arises from its enormous
information-handling capacity, is the potential to simulate dynamic sys-
tems, The student can interact with such a system, receiving immediate
feedback on the appropriateness of his inputs. in situations where it would
be impossible to have such free play in the real system. because of physical
and practical constraints. Examples range from runming an experiment in
nuclear physics. to flyig a jet, to managing an economy according to a
given model. In line with this sort of structured interaction or game, in
which the student leams the system instead of facts about the system, the
computer has”¥ significant potential for teaching information processing
and the associated problem-solving skills. This is, in a sense, a kind of
content-neutral or content-independent notion of instruction, which might
be advantageously used in teaching students how to make the kinds of
decisions they actually have 1o make when selecting their own learning
sequence. Decision-nuking abilities in terms of processing information ef-
fectively are not part of the usnal set of skills specifically developed by
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traditional instructional methods. The use of CAl for process teaching -
i.e.. through simulation and gaming — was thus considered a primary con-
tribution that the computer could make to education (see hem |, Table
2). Simulation and gaming were judged 10 be forms of CAl that would also
elicit a substantial market and thus should be developed mwech more
extensively ***

The fourth point involves the fact that the computer has an almost
infinite capacity to take into simultaneous account enormous numbers of
facts about a student — his knowledge. ability. preferred learning patterns.
ctc. The contputer can use this information, in what could be a powerfully
effective way. 1o select from vast numbers of alternatives the next instruc-
tional goal or testing item most appropriate to the individual student.
However, our present understanding of individual differences and our pres-
ent capacity to identify them and respond with differentiated instruc-
tional sequences are many orders of magnitude less than needed 10 exploit
this capacity of the computer. We are not yet in a position to take real
advantage of this potential, even though the individualization of sequences
is commonly regarded as one of the attributes of CAl that can make it
exceptionally effective in instruction. Consequently. there is urgent need
for extensive research in a) testing techniques able 1o make fine discrimina-
tions of achievements, potentials, response patterns, learning patterns, etc.:
b) the development of theories regarding the underlying relationships

among these variables; and c) the development of pedagogical techniques
‘,ﬂg and sequences of materials responsive to the individual patterns, **
' Research Use
It may be that the computer itself will provide a basis for the develop-
ment of learning theories. The computer has unique capabilities for data
collection and analysis during instructional use and for vinually instan-
tancous updating and improvement. More significance should be attached
to the fact that CAl can be used in a research mode. uniquely, 10 gather
information about learning.* Through this important capability, we can
acquire greater experience with student use of computer material and thus
can contirually modify it. Only such experience can teach us what com-
puter techniques and material are educationally sound. In this regard,
there was strong agreement that CAl both affords and necessitales a re-
search and development effort to study the comparative effect of instruc-
tional strategies, and the theoretical and measurement problems involved.
This would lead to continued refinement and eventual good achievement
rather than overnight success. It would also be useful to do sludies of
CAl's potential for reducing the cost of developing materials, in addition
to increasing their quality.
Learner Control
Learner control was recognized by many ti be a very important al-
though litile explored dimension of CAI research. Several attitudes under-
lie this issue:
1) The computer ought to be used more as an intellectuat resource
controlled by the student.
2) The concept of leamer control focuses on teaching the student to
judge appropriate strategies for obtaining and using information
EMC . 39 , 34
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= a critical educational function in iself and 2 uniquely appro-
priate task for the computer.

3) Lecarner control represents the most direct approach to individual-
ization, cffective to the extent that the student can judge what
works best for him.

Several participants, however, expressed doubt about the practicality of
relinquishing 1o students effective control of their learning sequences.* At
the most basic level, one respondent pointed out, we need more data to
show that learners can control tlieir learning more efficiently than some-
one else. Data at present do not unequivocally support this position, It was
also suggested that learner control will be a very difficult and expensive
option to achieve in CAI systems and should therefore be tackled only ata
much fater stage. A final point was that learer control studies nced to be
designed with sufficient numbers of options, in order to evaluate the true
impact of learner control. That is, studies should provide options for learn-
ing which include no use of the computer along with options in subgoals,
in content, and in sequencing the materials.

D. Educational System and the Teacher

A broad use of CAl will require a change in the established pattems of
iistruction and a restructuring of the traditional role of the teacher, par-
ticularly at the precollege level. It will also eventually entail more rigorous
analysis of cost effectiveness, specification of goals, and measurement of
instructional efficacy. These will follow from the inevitable application of
CAl to management and rescarch modes as schools grow familiar with the
computer’s information-processing capabilitics, and these applications will
serve (o provide a basis for systematic improvement of educational

. methods. A number of problems have been encountered or are anticipated,
as indicated in Table 6.

There was agreement among participants that more information and
training programs arc needed, (o counter the lack of knowledge and prej-
udice of teachers and administrators with regard to the compuler. Diver-
gent viewpoints were expressed as to the role of tcachers in aiding imple-
mentation and creating materials for CAI; some felt that teachers’ interest
and potential contribution would be high, while others sharply disagreed.
Additional issues which received discussion — and which are summarized
in the remainder of this section — were evaluation and documentation,

computer-managed instruction (CMI) and the need for major revision of
education. )

Schoo! Resistance
A number of reasons were suggested for (he apparent resistance to CAl
of the precollege educational system. They included:

1) the high cost of computer systems, and the related problems of
measuring their cost-effectiveness and justifying the expenditures to
the public;

2) the fear of change, especially when it results from a technology as
complex as the computer. There is also the expectation that the
computer will be another in a series of much-touted technological
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TABLE 6

Educational system and the teacher. Resp in this cate-
gory related to problems underlying the need to thange estab-
lished patterns ot instruction and to restructure the role of the

teacher.

1. R of school p | 10 go through reorganization and training that
8 broad use of CAI would entail.

2. Cautiousness and uncertainty on part of ed as 10 efl of CAl
in comparison with traditional hi hod:

3. Scarcity of ilable to tran hers and others in the skills
required 10 use CAl successfully,

4. Fear of educators of being reduced 10 a *'b hing™ or clerical role by
computer.

:
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[ Extrema diversity of, and lack ol coordination among, school systems
theoughout the country.

7. A prevailing attitude that the computer will be used to rehlace poor teachers
instead of 10 make good teachers more effective.

8. Insufliciency of evaluative techniques, criteria, and agencies with which to
sotisfy educational standards.

9. Not enough opportunity for local schoot people 10 participate in developmeont
of CAl programs.

tools that have for various reasons failed to live up to initial promises
(radio, TV, language labs, programmed instruction devices, etc.):

3) the ignorance of the computer’s potential, limitations. and adapt-
ability ~ factors (o be resolved only by teacher training; and,

4) the clash of values, arising from the teacher’s feeling that the conx

puter will deprive him of highly valued personal relationships with
students.

One participant suggested that presenting fully developed programs, that
utilize the teacher only in a minimal way, has contributed to the teacher's
doubt and antagonism.

These problems are probably more severe at the lower academic levels,
where computers may be used to augment or replace a relatively large
portion'of a teacher’s total activity. At the university level the instructor
will suffer little threat to his professional self-estcem; he can become in-
volved in developing programs himself, and thus is a potential advocate,
not a resister. There will also be clear rewards to the community college
teacher, since the computer does not threaten his role; rather, it offers
hope of dealing with problems the faculty would prefer to escape.

Further aggravating teacher resistance is the present oversupply of trained
teachers. For CAI to be cost-effective at this time it probably wili have
to produce some reduction in teaching staffs, in favor of greater use of
paraprofessionals. That reduction might be slight, and perhaps could be
satisficd by the attrition that normally takes place in schools. But any
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substantial staff reductions needed in the interests of cost effectivencss
would be difficult or impossible to obtain at present, particularly now that
so many teachers are unionized. .
One conferee asserted that the issue of staff reduction has resulted in
unfortunate kinds of pressures on school boards, the crucial element in
school systenmis. “The public is told that CAl can reduce costs; at the same
time it is told that, because you have to think about the teachers’ union,
b CAL will not replace teachers. Now, everyone knows that if you are not
replacing teachers, you are not only not reducing costs, you are adding ta
costs. Because there hasn't really been an honest dialogue on this, the
people who eventually have 1o make the decision whether there should be
money spent on CAl — the school boards — are not very receptive.”

Teacher Involvement

There was a wide divergence of opinion among participants with regard
to the importance of teacher involvement in introducing CAl to educa-
tional systems. A few comments were very negative in assessing the com-
petence or interest of teachers in implementing educational improvement.
For instance, “If released to meddle more profoundly in the student’s
intellectual development, they would probably do more harm ¢han good.”

The more prevalent view was that teachers, particularly at the pre-
college level, are locked into traditional teaching styles by lack of training,
free time, or rewards, and that they-would, if freed from these constraints,
be open to and actively interested in innovations that were demonstrable
improvements over traditional techniques, and would have much to contrib-
ute. It was remarked that a teacher who has been exposed to and con-
vinced of CAl's value makes jts most effective proponent. The conferees
described several instailces of teachers becoming enthusiastic about CAl,
independently of any’ sales pitch or external pressure, simply because it
visibly met a cwiicrete need. For example, “. .. Some years agol had a
fellow come aiid explain how he was using a table of random numbers to
generate all the forms of a test to a group of teachers of low achievers. . . .
These teachers are very receptive because we've tried a lot of things that
we know are not working. And so he said, ‘Well, really, if 1 wanted to
generate more than five test items | could do it on a computer.’” And the
teachers right away said, ‘That’s great!” Now, this was a realistic possi-
bility, to get one terminal in the building. So they started looking, and as a
matter of fact we did get a manufacturer to develop the thing and let us
use it free for a couple of years. This is where we got started. . . . I'd say
by this year probably half our secondary students will have written and
run a couple of BASIC programs. The teachers are very receplive, very
pciitive to this because it’s coming in as something that helps them; it’s
something they have a vested interest in. . . .”

Another example was offered by a university professor: “If teachers see
materials, if you can somehow force them to look at materials, if they turn
out to be extremely relevant to their needs, they see it very quickly. We
had an experience a couple of weeks ago with a colleague of mine. . . . He
came in asking what sort of equipment we had around for demonstrating
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’ motion. and we told him about a simulation that lets you look at almost
any aspect of motion on a graphic terminal. He was very negative: he said
no. no, he didn’t want any damn computers and he didn’t want the
students to program — the typical kind of responsc. Well. in the course of
showing hir other things. we sort of dragged him up to the terminal. Ten
minutes later the story was exactly the opposite; now our problem is that
we only own two of these graphic terminals. And it’s simply because there
1 was somiething that fitted in with his needs in the course. and he saw this
even though he was very negative,” )

Teacher Training

The education of teachers in CAl techniques is a prercquisite to full
acceptance of computer use in education.** Very little progress is likely to
be made until teacher-training institutions enter CAl in depth. Their ef-
forts would have to include practical training in the use of the hardware.
the understanding of the software. and the techniques of integrating CAl
with the traditional educational process. Without this background training,
CALl applications will not be wholly successful — the new techniques will
only be used to replicate traditional classroom practice.

In addition to providing useful techniques, proper training would effec-
tively counter the misunderstandings as to the purposes and limitations of
CAl which have led to prejudices and biases against it. Many teachers are
confused about its potential and object to its use as dehumanized or
mechanical. Others are apprehensive that ihe computer will replace them
or reduce the importance of their role. When these concerns are combined
with the prejudice in favor of the print media. the result is a significant
force for maintaining the status quo. However, if more of the professional
training of teachers is directed toward the understanding of CAl, current
biases will tend to dissipate.

Teacher Control

One way to ensure that teachers are comfejtable with CAl systems is to
design systems that are aids to, or are controlled by, the teachers. Not
everyone agreed, however, that this was a good way to gain teacher accep-
tance: the concept of *‘control” was especially attacked in this context.

I think if you talk about teacher control, you're reinforcing one of the
worst kinds of stercotypes, and that’s the one thing we've got to destroy:
that there’s somebody who teaches people and that the teacher controls
the situation, the teacher’s in charge. We should try to get that teacher to
change that role — not to be up in front of the room, but rather to be
assisting, tutoring if you like, but getting out of that role of being in
control of that classroom.” In short, the opposing view held that it is
precisely the teacher’s traditional control that education should be getting
away from. The suggestion was that there should be a change in educa-
tional philosoplty which would result in the teacher’s role being one of
guidance and ass:stance, rather than control.

Local vs. Professional Development
, Curriculum development by local teachers rather than by professionals
Q . was judged to be an issue of moderate importance. While some participants
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felt that major program development could be centered in the schools, the
majority doubted that this was practical. One school administrator did
point to several successful programs that teachers in his system had inde-
pendently created to meet certain needs. Most participants, however, felt
that the main effort of development must be undertaken as a full-time
professional job, and that good CAl materials are so expensive (o prepare
that producing them will have to be done under centralized auspices. They
added, however, that teachers should be provided an opportunity to con-
tribute to and modify program material, possibly to the extent that leaves
of absence should be arranged for selected teachers to permit their par-
ticipation in program development outside their schools. If teachers are to
prepare effective programs, they must, of course, develop the special com-
petencies required to design, write, test, and revise instructional packages.

The extent of interest in local versus professional development will vary
as a function of educational level. At the higher educational level, one
should expect intense interest in local determination of course content; no
professor at a major university is likely to consider himself less competent
to design curricula than any of his collcagues, nor will he ever agree entire-
ly with a curriculum prepared by somebody else. At the secondary and
elementary levels, however. less intense personal concern may be expected,
since these teachers are typically more willing to use without modification
curricula prepared by others.

Course Objectives

The lack of clear-cut course objectives was considered to be a notable
obstacle to developing truly effective CAl programs and to comparing CAl
with conventional teaching methods.** This absence of objectives was also
seen as a general educational problem. One participant pointed out that
most students and many teachers are likely to be confused about the
objectives of a given course and, about what the end product is supposed
to be. Onc of the most valuable side effects of the CAl approach is that it
forces educators (o pay attention to careful definition of course objectives.
Thus, CAI benefits instruction by explicitly exposing ignorance of the
leaming process. It forces decisions about teaching programs that are
usually not made because the need for them is not apparent.

cMI

Some mention was made of the value of computer-managed instruction
particularly in reducing costs and gaining acceptance for the computer
through demonstrating its practical utility.* One conferce offered the
opinion that CAI will come into being in schools when capital costs are
covered through introducing computer information systems for manage-
ment purposes. Another view was that management use of the computer
would be an intrinsic part of moving toward a more technology-based
educational system.

Educational Revision
A few respondents were pessimistic about the adoption of CAI without
major redesign of present school systems to accommodate it: *“! believe
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that CAl will not have broad educational application in clementary and
{ high schools for a very long time. if ever. CAl represents a major com-
mitment to a new technoiogy and a new threat to the status quo. School
systems do not have the necessary organizational behavior and manage-

ment skill 1o handle such 4 threat. As they are now organized, staffed, and
financed, there is no payoff for change. . . .”

It was suggested that the effort to advance CAl should be one part of a
large-scale effort to update the educational system. with careful coordina-
tion of development and adequate funding: “The successful use of com-
puters in education is dependent upon a mujor substantive revision of the
conventional educational process.” Such a revision is a sysiems design
problem. is extremely costly, and is beyond the financial capability of any
single educational entity. The design. test, ané evaluation of an cffective.
practical. and economiically viable educational system would best be
financed by the federal government and approached with the same com-
mitment as (a favorite analogy) the project for landing a man on the
moon. Such a program will automatically require the use and acceptance
of the computer und associated systems in education.

Evalvation and Documentation

There was agreement that evaluation of CAl systems is important to the
ultimate acceptance of computers in the educational process.* There need
to be detailed evaluation studies providing school administrators with the
justitication for introducing new capital-intensive cquipment and tech-
niques. Evaluation must show time effectiveness, and cost effectiveness
comparable or superior 1o present results. 1t is critical to show that the
computer can overcome some difficult instructional’ problems that current.
ly exist. If CAl developers can present school superintendents or school
boards with evidence from an independent auditor indicating significantly
better achievement with CAl than with other methods, the ultimate ac-
ceptance of CAl will be greatly facilitated. In this regard, several portic-
ipants emphasized that the present reluctance to invest in CAl is not due
t fear or lack of interest, but to not having sufficient evidence that CAl
represents educational improvement. There have not, they alleged, been
many persuasive repurts of CAl's value in education. In addition to careful
evaluation, there should be intelligent, honest, critical reviews of the re-
sults of demonstrations, well written, interesting. and widely disseminated.

The documentation and validation of current instructional programs is
also an important need. This arca shares with evaluation the problem of

. devising appropriate standards against which instructional success can be
measured and of creating effective organizational structures. Documenta-
tion as well as evaluation will require some degree of formal organization
and financing. No agency has been established to do the job, and personnel
who could carry it out effectively are scarce. .

One participant held the view that once a market is established, evalua-
tion will take care of itself. That is. the better materials will naturally be
those which are most popular and in greatest demand. However, the more
widely held attitude was that the educational market is not, nor should it
have to be, sophisticated enough to effectively judge the worth of CAl
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systems, in which public funds must be invested. An extensive and care-
fully planned experimental design is required to prove actual benefits in
reliation to cost; hence evaluation must be systematic and professional.

In connection with evaluation. a participant noted that one must also
consider alternative, and less expensive, means of presenting the same
material and activities. Clearly much of the drilf and practice can be ac-
complished in other ways: perhaps a teletype (or talking typewriter) could
be replaced by a programmed text and a guide for a paraprofessional
working with the student at an electric typewriter: much of the expository
materials could be presented by slides or programmed texts. etc. It is
important to look at these options because a primary concem of the
evaluators will be to consider less expensive ways to achieve the same end.

E. Cost

This category grouped together problems related to the cost effective-
ness of computer-based instruction. Two central issues were identified.
First, CAl is un add-on cost that does not reduce the instructional budget
— in fact, it increases the personnel budget by the addition of required
programining support. Second, even where good cost eftectiveness can be
achicved over the long run, the high initial capital investment makes imple-
menting CAI prohibitive. Table 7 shows the specific items and responses
relating to problems of cost thit were judged to be important.

TABLE 7

)
AN
1y
Cost. Responses in this category dealt with problemsotcost-  /S/5/5/ /3
effecti of puter-based instruction. (355 & £,
S/S/3/> /8
G
1]2{3]4]|5
1. Fact that CAl i3 an add-on cost, not reducing instructional budget, and

requining additional programmung personnel.

2. High capital investment even where good cost-eff can be achieved in
the long run,

M

V.

M

3. Poor cost-elfecti , to dave, of based inste ™M |

Nature of Cost Problems

In general, the problem of cost was considered to be an important
obstacle to computer acceptance. but not necessarily one to which great
effort should be directed at this time.*** As one respondent wrote, “In
spite of the fact that sheer cost of computing has most limited the wide-
spread use of computers in instruction, ! do not recommend more empha-
sis on this area than already exists. Education is not likely to force
computing costs downward any more rapidly than other markets for
computers are now forcing costs downward. Therefore, education would
be better advised 1o concentrate on unique needs in computing hardware
and software and simply to wait out the cost problem.” Other respondents
felt that by the time materials are organized for a computer-assisted
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medium of insttuction, and schools properly funded and administered in a
wity permitting CAl to be tricd, the cost problem will have been solved by
agencies outside of the schouls.* Industry, business, and government
burcaus have already installed large networks of remote terminals for their
own purposes, and their coming into use for instructional ends is only a
matter of time. To the bziness or industrial user, the high effectiveness of
instructional technology can be translated into terms that are casy to .
b evaluate, namely, economic terms. Thus it is these users’ requirements (hat \
will probably accemplish more than any additional efforts to bring down
costs on behalf of educational institutions. In short, the majority opinion
was that educators should not at this stage he especially concerned with
cost. By the time CAl is truly ready for widespread use in instruction, the
cost factors may be entirely altered. |

Cost Effectiveness

A substantial problem in solving the issue of cost is the difficulty of
measuring cost effectiveness in educational systems, where goals are usual-
ly inadequately defined.** Schools traditionally have not seen it as their
responsibility to examine and specify instructional objectives. Where ob-
jectives do exist, as for example in the military and some areas of industry,
CAl scems to be very cost effective and the use of programmed instruc-
tion, by means of computers and other media. has grown steadily.

As an example of the problems to be encountered in cost effectiveness
measurement, one participant pointed out that *“The largest cost factor in
instruction is the teacher’s salary, but the time that many current CAl
systems would ‘save’ would be the 10 hours, approximately, the teacher
contributes after school (lesson plans, test preparation, grading, etc.), time
which represents a “free’ resource traditionally contributed by the teacher
to the school. Thus, the notion of effectiveness implied in the concept of
‘cost effectiveness’ is foreign to current school operation.”

Several participants noted that one of the most beneficial effects of
CALl is that it will require a clearer specification of educational objectives.
All sj}fiiols, at least implicitly, do have objectives and, in every budget, do
make cost effectiveness judgments about their attainment. But they do not
define the objectives clearly nor quantify them adequately. The result is
that the judgments as to cost effectiveness are usually ill-formed or unreli-
able. Consequently, schools do not have sufficient incentive to increase
effectiveness, because there is no systematic feedback indicating the
school’s performance in achieving instructional goals.

Inappropriate Accounting Methods

In the view of several respondents, clementary and secondary school
staffs tend to be prejudiced against CAl, because they feel that the high
cost per student hour of CAl cannot justify its replacing traditional teach-
ing methods. Clearly, since cost effectiveness is a significant issue in the
acceptance of computers in instruction, there will have to be careful analy-
sis of existing costs, at all levels and for different subject matter, in order
to establish a baseline for comparison. However, there are obstacles to
such a comparison. The current budgeting practices of public school sys-
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tems do not take account of the increased speed at which CAl-taught
students may reach course objectives, nor do they recognize that CAl may
not simply replace traditional techniques: instead. it may provide a higher
quality of educational product than achieved in conventional instruction.
These problems in comparing instructional methods are exacerbated by
the inability of most schools and colleges to measure the cost or
effectiveness of conventional instruction. As one participant noted. “There
is a general failure to understand the systems nature of the educational
problem and therefore a failure (o understandd the true costs - direct,
indirect. and social — of education or lack thereof.”

Cost Factors — College and Precollege

If cost problems are to be attacked by the educational community,
they will, for a number of reasons. be more readily resolved at the college
level.** First of all, the ability to pay obviously differs widely with level in
terms of the observed expenditures, per student hour, for education, There
are fewer restrictions on institutions of higher education in allocating
funds and reordering budget prioritics than there are in clementary and
secondary schools. The clementary school budget cycle is geared (o
meeting annual operating costs that cover. for the most part, teachers’
salaries, plant operations, debt retirement, etc. Any heavy capital invest-
ment, requiring amortization over a prolonged period, is hard to finance
under current funding practices. Also, it is difficult to reschedule school

expenditures to take account of capital and operating costs when savings
cannot be directly counted. Finally, computer resources, in terms of hard-
ware, persontiel, and access to shared time in underutilized central com-
puters, are much more likely to be present at universities.

F. Technical Research and Development

This category comprises problems relating to the technological side of
CAI development. It was gencrally agreed that not enough has been done
in CAI design in terms of perfecting appropriate hardware, and that more
effort needs to be put into creating effective. specialized, flexible equip-
ment. One point of dispute was the importance of natural language pro-
cessing as a critical technical capacity that must eventually be developed in
CAIL; different concepts of CAl’s ultimate role were reflected in this dis-
agreement,

Table 8 lists specific factors in this ciategory that were rated in the
questionnaire sequence.

Hardware Systems .
Scveral issues in the arca of rescarch were identified as moderately
important to CAl acceptance. One research issuc is the need for improve-
ment in the available CAl hardware systems.** One major criticism, which
underlies Items 1, 2, 4, and 5 in Table 8, is that current hardware is not
appropriate to ddusational use. At the level of the man/machine interface,
there is need for education oriented terminals. Present compuler terminals
are designed for business, not education. They are often noisy and unpleas-
ant (o use, and in many cases they do not supply the response oplions
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TABLE 8

T ical h and develop L. Obstacles in this cate.
gory related primarily to the technical problems of providing
dequate delivery systems tor CAl.

t]2{3]als

1. Unreliability of hardware, in terms of frequent breakdowns due to heavy use M

by students and nsutficient servicing,
2. Dussatistaction with design of y available termi M
3. Cumutations in the knds of student inputs interpretable by the computer. M
4, Lack cl readhly available and appropriate hardware sy ”
5. Use of systems sn which fixed i ion is f Hed gh 'S

core ‘turage and central processor instead of being maintained in highly

accessible low-cost medha such 85 magnetic 1ape, audio tape, video tape, etc.

;J;

6. Lark of a simple author language which would enable teachers 10 prepare

that are critical to sclection of instructional sequences.
Terminal design was the most frequently cited problem of current hard-

ware systems. Particular terminal capabilities identified as being important
. ¢
for education were these:

1) a high volume random-access audio unit for use in teaching reading
and languages;

2) a video-cassette attachment for use in presenting fixed information
under computer control; and

3) a display capability that includes the use of light pen and the abili:y
to produce hard-copy output.

The consensus was that in the arca of technology, terminal engincering is
far behind central-processor enginecring. Intensive development could pro-
duce terminals that are inexpensive, rcliable, and fast; it should also pro-
vide the capabilities described above. ‘ :

siother problem rises from the experimental natuie of most current
CAI programs. Much CAI experimentation has been condusted on large-
scale ~omputers developed for general-purpose time-sharing in business.
industry, and science. These large-scale configurations impose program-
ming-systenis constraints that are subject to many levels of complexity and
frequently lead to problems of unreliability. It is unlikely that mass dis-
semination can come about with these systems. Therefore, further devel-
opment of systems must be engincered that provide the computer logic

and architecture appropriate to the primarily nonnumeric processing de-
mands of CAl.
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Natural L.anguage Processor

One issue. on which there was substantial division of opinion, was the
need for natural language processing capability and greater in-depth ex-
ploration of artificial intelligence techniques (ltem 3. Table 8). One group
felt strongly that the ultimate success and acceptance of computers in the
instructional process would depend to a large extent on the computer’s
capability for natural language processing. It was their contention that the
limitations on student input imposed by the inability of the computer 10
accept free-form responses (or questions) were a critical impediment to
widespread computer use. The point of view of the advocates of natural
language processing was well represented by one participant. who noted
that “for complete mastery of a concept, the student should be able to
explain the concept in his own words, compare it with related concepts,
correct a mistake in judgment about the concept. and so forth. These are
the kinds of responses we use to judge whether or not someone under-
stands a concept. And CAl systems will have to be able to accept and
interpret such inputs, if CAl is eventually to play a significant role in
education.” On the other hand, those who did not favor continued re-
scarch in the area of natural language processing pointed to the success ol
programmed instruction and contended that CAl can realistically teach
any subject or concept when programs are developed with ingenuity. It
was their contention that it is a waste to try to remake the computer to do
something for which it is ill-adapted or totally unadapted, when there exist
so many things that the compnter can do superlatively well. An analogy
would be to criticize a book’s inability to reproduce sound as making it
ill-adapted to teach music or speech, and recommending development of
an audio function for books, ignoring the fact that there are already tapes
and records at hand that carry out that function.

Programming l.anguages

The suggested need for new and more appropriate CAl programming
languages was considered relatively unimportant (ltem 6, Table 8). A
number of respondents commented that many such languages now exist.
but do not scem to he of particular use. For the most part, CAl program-
ming languages are trivial and do not treat the full range of problems
encountered in preparation and debugging. Conscquently. general-purpose
languages, for facilities designed for particular tasks, are more often appro-
priate and useful. Many respondents felt that the proper production of
CAl materials would best be accomplished by an author working solely on
analysis and representation and supported by a technical team to carry out

the programming. Hence, there would be no need for a simple author
language. ‘
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Chapter V

Conclusions and Recommendations

The problems of CAI acceptance and use are numerous and complex.
As noted earlier, they have three major dimensions — cducational, eco-
nomic, and technical — that are reflected in the six categories of problems
discussed above. The educational dimension, relating to the availability of
adequate materials and the lack of evidence of CAl effectivencss, was
judged to be the most critical. The second most critical dimension is
cconomic. However, while recognizing that economic factors are signifi-
cant and pervasive, the study group felt that the problem of high costs
would be alleviated by ordi:iary market pressures to bring computing costs
down. Finally, the technical diniension, which is mainly concerned with
creating adequate CAl delivery systems, was judged not to be of critical
importance in comparison: with the sizable economic and educational
problems.

In approaching the overall problem of CAl acceptance and use, it is
helpful to recognize the existing circularity of the analyses. For example,
the major educational question “How can evidence of effectiveness be
provided?” evokes the following sequence of answers: To provide evidence
of effectiveness, one must (a) conduct a convincing high-quality demon-
stration. But (b) to conduct a proper demonstration, one nceds good
computer-based materials. But (c) to develop good materials, one needs
good people who know theories and methods of instruction and are sensi-
tive to the role of the teacher and problems of the classroom. But (d) to
get good people, one needs professional recognition and economic incen-
tives. But (e) to get professional recognition, one needs evidence of the
value of the pursuit (see point a) and to get proper economic incentives
one necds a formal production-distribution system (as in textbook publish-
ing) and an active market. But (1) to establish a production-distribution
system and market, one needs a demonstration of effectiveness to con-
vince potential investors and buyers of CAl’s value — and we are back at
the beginning.

This circularity suggests that, theoretically, an infusion of funds at any
one of these steps might advance overall development by reversing the
cycle. It also indicates that a large-scale program of funding would have to
take these interdependencies into account. For example, drawing on
recommendations outlined in Tables 9 and 10 and the original action plans
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TABLE 9

Action statements suggested by the conference attendees to
be promising means for enhancing a more widespread use of
computers in instruction.

. Sinuilation and gaming. Concentrate curriculum development efforts

on utilization of the cc ’s unique capabitities, ¢.g., in problem:
solving exercises, simulation, and gaming.

. Learner controlflearning styles. Develop systems that allow more

learner control of the material and of the style of teaching.

. Educaiional terminal (graphics/audio). Organize a team of industrial

designers, engineers, teachers, and students to develop one o: several
educationally oriented computer terminals.

. Learning theories. Develop a foundation of theories of learning and

experimental data which would enable the computer 10 be maximally
flexible and effective in teaching, as opposed to being a page-turning
and response-recording dewice.

. Support teachers in CAl develoy 1t Identify teachiers who are good

writers and who have classroom experience in computer applications
and support them in the writing, publishing, and distribution of
quality curricular materials.

Summer workshops, Institute summer workshops to provide teachers
with hands-on experience with available CAl systems.

. Software format. Establish a format for the production of software

that will make it usable in a variety of hardware systems,

. Cooperative/competitive. Develop programs in which the student

questions the computer rather than the reverse {cooperative rather
than competitive use of the computer in a learning situation).

. Model town. Set up a large-scale model demonstration of CAl-in-the-

home in a new town (200 new towns are now in some stage of
planning or construction in the U.S.).

. Model schools. Set up une or more CAl-based model schools {ele-

mentary schools, high schools, or college carnpuses).

. Cooperative project. Implement a cooperative project involving a com-

munity colfege system and a major commercial producer of educa:
tional materials to develop, test, and demonstrate a remedial course,
such as remediaf English.

Large-scale demo. Mount a large-scale experiment 10 demonstrate the
economic feasibility of CAl.

Finance teaching of CAl techniq Fi teacher training institu.
tions 1o include practical training in the use of hardware and software,

and in the techniques of integrating CAf with the traditional educa-
tion process,

. Learning styles, Develop the capability to identify and match student

learning styles in different content areas with appropriate pedagogical
techniques.

Professional incentives. Establish professional incentives for university
faculty through a grant program that requires from the recipient
aniversity assurance that work on CAf development would be judged
equivalent 10 research, in terms of promotion, salary, etc.
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TABLE 10

The thifteen recommended action plans as suqgested direc:
tions for bueaking the status quo cycle,

Leatner Control/Learning Styvles
Educanonal Terminat (Graphics/Audio)
Learning Theonies
Cooperatve/Competitive
Leatning Styles
Simutation and Gaming
Support Teachers in CAL Development
Conperative Project

. Professsonal Incentives

LACK OF GOOD MATERIALS

AND SYSTEMS \
a
o LACK OF LACK OF
Tel DEMDNEIRATION MASS MARKET AND
Lt MARKET INCENTIVES
N Model Town
Modet Schools Sottwaie Format
. Cooperative Project Coonpetavive Project
Larae-Scale Demo " )
SCHOOL

RESISTANCE

Support Teachers in CAl Development
Summer Workshops

Finance Teaching of CAl Techniques
Professional Incentives
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in Appendix 4, one might design a multidevel program of complementary
research-and-action projects directed toward the teaching of remedial
English. At the action level, the conponents of the program could include
(1) a cooperative project to develop, test, and demonstrate course materi-
als, and (2) witlin the context of the cooperative project, a provision to
train and support teachers in the writing of course materials. The coopera-
tive project could involve a community college system and a major com-
mercial producer of educational materials, with professional collaboration
of retained outside experts. The project would design the course. prepare

. the program and materials, including related conventional print and audio-

visual materials, and test and refine them through two academic years,
Concurrently. a laboratory could be established to train authors and sup-
porting technical teanis and to prepare faculty to use hardware and soft-
ware in techniques of integrating CAI with traditional coursc materials.

Research, suggested by Tables 9 and 10, that could feed into and refine
the development of the course, and also capitalize on the availability of
experimental resources, could include (1) a study to identify and match
student learning styles with appropriate pedagogical techniques, and (2) a
project to develop a more appropriate educational terminal. The study of
learning styles would test the relative effectiveness of different pedagogical
techniques (drill-and-practice, torial, problem-solving, etc.) in relation to
the structure and complexity of the material being taught. At the same
time, research could be undertaken to identify computer terminal features
(c.g.. random-access audio capability for teaching reading and language
skills, computer-controlled video capability, ctc.) that might be particuarly
appropriate for educational applications.

These examples are noted to show how a multi-level program of re-
scarch and implementation might be directed toward overcoming the most
critical obstancles to CAl acceptance, thereby gaining enough momentum to
reverse the ‘status quo cycle.” Many other examiples could be drawn based
on the obstacles and probable resolutions identified by the project partic-
ipants. The data base of opinion contained in this study should prove
useful to CAI developers and funding agencies in setting resecarch and

funding policies likely to promote greater and more effective use of com-
puters in instruction.

o4
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The Questionnaires

Following ate copies ot the theee thiestiornsres used m the
furst phase ot the siudy.

EDUCOM

INTERUNIVERSITY COMMUNICATIONS COUNCIL, INC.
Pust Office Bon 364 - Rusadsle Hoad, Princeton, New Jorsey OUS40 * Telephone 607.921.7575

QUESTIONNAIRE 1

Study of Factors that have Inhibited a More Widespread
Use of Computers in the Instructional Process

The potential of the computer in secience and education has Leen widely
recognized und is attested to Ly the grovwth of applications ir these
fields during the pust two decades. In certain arcas, i.e., data
anulysis and research, considerable gains have been reallzed and many
gpectacular successes recorded. However, the computer {s far from
being accepted in one major area in cducation: use of the computer

in the instructional process itself. There have been a number of
successful experimental demonstrations of its potential value, but

the computer has yet to begin to be integrated within present
instructionnl systems.

The purpose of the project in which you are participating is to
identify those factors which have inhibited ghe videsprend usc of
computers in the instructionel process, and to suggest possidble means
for resolving these difficulties.

Questionnaire 1, attached, 18 the first of the sequence Of three
questionnaires vhich will be utilized in the study. It consists of

four uestions. The firat, in two parts, is poosed in order to derive

8 vorking frame of reference as to what the desirable outcomes and

potentinl contributions are, or might be, from the introduction of coaputers
into the instructional process. The second and third queations are ihe first
atep in the exploration of the difficulties encountered or anticipated in
the realization of those outcomes. The last question vill serve to indicate
the extent and nature of each respondent's experience in computer-asaisted
instruction.

1t should be noted that, throughout the questionnaires, the term computer-
assisted instruction (CAI) will be used as a generic term. It will not be
limited to computer-programmed instruction but will be used to denote all
aspects of the utilization of the computer in an instructional context.
Included within the scope of the term as used in this study vill be vhat
some have preferred to call computer-augmented instruction, computer-managed
instruction, computer-based education, and also problem-golving, gaming,
simulation, ete.
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Question 1

IN WHAT WAYS DO YOU BELIEVE THAT THE USE OF COMPUTERS IN INSTRUCTION WOULD
IMPROVE THE EDUCATIONAL PROCESS?

(A) Pirst estimate the desirability of each item as an
cducational improvement, using the checklist and the
follovirg scale:

J = not desirable
2 = glightly desirable
. 3 = moderately desirable
* k = very desirable
- 5 = extremely desirable ‘.

If you rate an item as ‘1’ {not desirable) please
make A ncte of the considerations on which you have
based your rating, on the reverse side of this sheet.

1

N
w
=
x]

1. Would enable student to proceed at own rate, vithout pressurc
of "lockstepping”.

2. Would provide i{nstant feedback, vith the result of more
efficient learning.

3. Would make possible immediately avaiintle records on stu-
dent's lcarning history.

L, vould enable student to szlect his own learning scquen-e,

5. Would provide more controlled learning environment; student
not as subject to the negative {nflucnce of poor teaching.

6. Would facilitnte flexibility of learning program with regard
to time and place; e.g., courses could be made available in
public librariea for working edults, or in homes.

7. ‘'ould free the teacher from the more routine, "drill-and-
practice” mapects of teaching.

! 8. wWould free student to concentra’c on material to be
lenrned vithout pressure of competition from peers.

i 9, Would help to {nsure bias-free cducational environments for
H minority groups.

10, Would encourage & more freely quentioning attitude by
removing fear of making errors or asking inappropriate
questionn,

lll o Wetrlel bt Lhe emnhiacin in atudent evaluation toward

ment of oblective learning criteria and avay from
L pincerent in a normutive “curve”.
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Question 1 (cont'd)

IN WHAT WAYS DO YOU BELIEVE THAT THE USE OF COMPUTERS IN INSTRUCTION WOULD
IMPROVE THE EDUCATIONAL PROCESS?

(B) A a second step, rate each item as to the
computer's potential contribution in effecting
the {mprovement, using the folloving categories:

1 = yould contribute nothing

2 = vould contribute little

3 = vould contribute moderately

4 = vould contribute substantially

5 = vould contribute in a crit{cally or
extremely important vay

If you rate an ites as 'l' {wvould contribute |
nothing}, please nuke a ~ste of the considerations

on vhich you have based y.ur rating, on the

reverse side of this shees.

— K

t. Would enable student to procevd at own rate, vithout pressure
of "lockstepping”.

2. Would provide {nstant Czcioack, with the result of more
efficient learning.

3. Would make possible {mmediately avai{lable records on stu-
dent's learning history.

L, Would enable student to select his ovn learning sequence.

5. Would provide m:re controlled learning environment; student
not ns subject 0 the negative influence of poor teaching.

6. Would facilitatc flexibility of learning program vith regard
te time and pinces e.g., courses could be made availadble in
pulll{c 1ibrariea for vorking adults, or in homes.

{. Would fres the teacher from the more routine, "drill-and-
pewshice” mepeets of teaching.

. Would free student to concentrate on material to be
learned vithout pressure of competition from peers.

9. Would help to insure bins-free educational environments for
minori{ty groups.

10. Would encourage a more freely questioning attitude by
removing fear of making errors or asking inappropriate
* questions.

11. Would shift the emphasis in student evaluation toward
attainment of objective learning criteria and avay from
placement {n a normative “curve",
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Question I#{cont'd)

IN WHAT WAYS DO YOU BELIEVE THAT THE USE OP COMPUTERS IN INSTRUCTION WOULD

IMPROVE THE EDUCATIONAL PROCESS?

Please add any additional itermsa, or restatements of
{tems which you feel are unclear, in the space belov,
and rate them in terma of their deairabllity and

the computer's potential contribution. Use addi-
tional sheets If you vish.

A
Desirability

B
Computer's Role

12,
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Question 11

WHY HAVE COMPUTFRS NOT BECOME MORE WIDELY USED IN THE INSTRUCTIONAL PROCESS?

Below are listed a number of suggested reasons.
Pleage rate each in terms of importance, using
the checklist and the folloving scale:

= unimportant factor

= glightly important factor

2 moderately important factor

= very important factor

= extremely or critically important
factor

W EW N

If yoa rate an item as '1* {unimportant factor),
pleas? make & note of the considerations on which
you have based your reting, on the reverse side of
this sheet.

Plenss add to the end of the list any further
pogssihilities, or restatements of i{tems which you
feel are unclear or inaccurete.

1. Poor cost-effectiveness, to date, of computer-based
instruction.

2, High capitul investment even vherec good cost-effectiveness
could Le achievad in the long run.

3. Lnck of readily available computer-based educational
nmaterials.

L. Lack of carefully planned broad programs of CAI experi-
mentation in actual school settings.

». Extreme diversity of, and lack of coordination among,
nchool Jystems throupghout the country.

fr, Weaervatlon: ) Lo pocsible nemative effects of remaving
instructional procrsn from social situation and replacing
interpersonal feedback with mechanical.

7. Insufficiency of evaluative techniques, criteria, and
apencies with vhich to satisfy educational gtandards.

8. Uncertainty as to vho should distribute softvare and provide
training and services for its users.

9. Not enough opportunity for local school people to parti-
cipate in development of CAl programs.

10. Fear of cducators of being reduced to a "button-pushing”
or clerical role by computer.

ERIC L o9
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Question 11 (cont'd)

WHY HAVE COMPUTERS NOT BECOME MORE WIDELY USED IN THE INSTRUCTIONAL PROCESS?

s

11. Cautiousness and uncertainty on part of educators as to
effectivencss of CAl in comparison with traditional
teaching methods.

12, Lack of experinmental data and theories in learning
. psychology wvhich would facilitate the design of
effective CAI programs appropriste to each age level.

13, Lizitations in the kind of student inputs interpretable
by the computer.

1k. Lack of profeasional and economic incentives for
developzent of puter-based materials,

15. Lack of incentivea for dissemination of softvare.

16. lack of standardization of computer systems, limiting
free exchange of softvare.

17.  Reluctunce of school personnel to go through reorgani-
zation and training that s broad use of CAI would
entail.

18. lack of a simple author language vhich would ensble
teachers to prepare effective programs without exten-
sive training.

19. Lack of appropriste mechanisas for protecting patents,
copyrights, ete. for CAI materials.

20, Lack of an organization to facilitate interchange of
CAl program materials.

21. Lack of readily available hardvare syotems.

2. Unrelinbility of hardvare, in terms of frequent break-

dovna due to heavy uae by atudenta and insufficient
weevielng.

23, Dissutinfuction with Jeaign of preaently availshie
terminals,
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Question II (cont'd)

WHY HAVE COMPUTFRS NOT BECOME MORE WIDELY USED IN THE INSTRUCTIONAL PROCFSS?

Plense ndd iy uddiijonal ftems, or restatements
of ftems vhich you fecl are unclear or inaccurate,
in the space below, and rate them as you did the
preceding items. Use edditional sheets if you
vish,

25, .

26,




Question IIl

WHAT NEEDS TO BE DONE TO TAP MORE FULLY THE POTENTIAL CONTRIBUTION OF THE
COMPUTER TO THE INSTRUCTIONAL PROCESS?

List threc or more areas in vhich additional effort
would greatly facilitate the growth, in value and
acceptance, of CAl in the future. Indicate, {f
possible, a time projection for the implementation
of each suggestion. E.g., given an appropriate
level of effort, would you expect implementation

in the 1970's, 1980°s, 1990's, 2000's or later?

Listed on page 10 are threc sample responses
vhich {llustrate the amount of detail requested.

Use sdditional sheets if you wish,
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fuestion 11T (cont'd)

WHAT NEEDS T0 BI' DONE TO TAP MORE FULLY THE POTENTIAL CONTRIBUTION NF THE
COMPUTER TO THE INSTRUCTIONAL PROCESS?

3.

El{llC ‘ 61. 63-
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SAMPLE REGPONGES FOR QUESTION IIT-

The incentives for writing textbooks are obvious and wvell-defined, in
terma of financial revards, prestige, and enhancement of career. The
incentlives for writing CAI materials are not so clear; it would be a
helpful step for government or private agencles to make financial i{ncen-
tives available, at least initially, for potential writers of CAl programs.
In line vith this, provisions would have to be made for the safegunrding
of copyrights.

Courses in individually preseribed {nstruction and small-group tutoring
should be provided in every school of education. Both courses involive
skills that vill be highly eppropriate to teaching in a computer=based
curriculum, vhile at the same time they would be of value in tenching in
U conventional school situation. Consequently, gechools would not feel
they vere meking an irrevocable investment in CAI, vhile educators would
nevertheless find it much easier to adapt to computer-based systems as
@ result of having a more appropriate background.

Hdost cstimates of the cost of student usage of present CAl systems javolve
rfigures many times greater than the corresponding cost per student ir
conventiounl achools. Computer-based materials should be able to comprte
ceonomicat ly vith other lcarning media, {.e., books, blackbonrds, ete.

T comint this problem there ought to he an extensive and roord innted
eFfurt to el dovn the coat. of Al equipment by applied reacarci.
Poxiibly, in umder to cncourade the fnitial capital investments, there
should be o nubsidization of the installation of CAL equipment in achools.
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Question 1V

Briefly outline the areas in which you have experience in or knovledge of
the use of computers in the instructional process, or experience in the
Introduction of technological innovations to school environments in
fencral.
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Quastion IV (cont'd)

I nddition, plenys check each of the following catepories in which you
have had expericnes,
1. Administration of CAI lab
2. Administration of computer center
3. Designing of software
h. Software developnent
5. Designing of hardware
6. MHardvare development
T. Recordkeeping function of computer
8. Design of computer-based curriculum
9. Structuring of curriculum content
10. Evaluating computer-based curricula

11. Training educators in use of computer-
based materials

12. Teaching vith computer-based materials

Signature Date




EDUCOM

INTERUNIVERSITY COMMUNICATIONS COUNCIL, INC.
Posl Office Box 364 « Rosedale Road, Princeton, New Jersey 08340+ Telephone 609-921-7575

QUESTIONNAIRE 2

Study of Factors that have Inhibited a Mcre Widespread Use of
Computers in the Instructional Process

Thirty questionnaires vere completed and returned in the first round of
the Delphi sequence being used in this study. We have tabulated, con-
solidated and edited the responoes, ard the data are presented for your
consideration within this questionnairs, vhich represents the sccond
round of the sequence.

Because of the number and length of the responses given in the thirty
questionnaires, ve have by necessity taken a fairly free hand in editing
and deleting. It 1s hoped, hovever, that any gross error or insensitivity
on our part will be pointed out in your responses.

This second questionnaire consists of three parts. The first part,

Question I, was originally presented in order to derive a working frame

of reference as to what the desirable outcomes and potential contributions
are, or might be, from the introduction of computers into the instructional
process. The eleven outcomes suggested were all given fairly high ratings,
in terms of both desirability and importance of the computer's role in
effecting the outcome. As this seema a sufficient consensus for our purpose,
ve have 8simply tabulated the responaes and are asking for comments only

vhere you disegree vith the consensus, and for ratings on the three new

items which wvere abstracted from the suggestions of a number of respondents.

The second and third parts, Questions II and III, are closely related in
that Question II asks ‘vhat are the obatacles to the use of CAI' while
Question III asks ‘vhat nceds to be done about them'. In this round we
vould like to begin to bring together explicitly the major cbstacles that
the group identifies and the action plans suggested to overcome them.

Therefore, both responses to Question II and to Queation III have been
organized into seven groupings, or categories. For Questicn 1I ve are
asking for an assessment of the importance of the problems listed in each
category. For Question III, the propoeals for action, subsumed under the
same geven categories, are presented for the group's evaluation and
comments.

As in Questionnaire 1, ve would like to emphasize that the term computer-
assisted instruction (CAI) vill be used as a gencric term, comprising all
aspects of the utilization of the computer in an instructional context.
Included vithin the scope of the term as used in this study wvill be vhat
some have preferred to call computer-augmented instruction, computer-
managed instruction, computer-based education, and also problem-solving,
gaming, simulation, ete.
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19 VHAT VATS DO YCU PELAIVE THAT TAE LTE CF CHAOSTERS 1% iSITPUCTICN PRLY IOROTE THE EDUCATIOXAL
nacs?

The responses to Question 1 from the first Questionnaire irdicate o Nign degree

of trity amnng re dents. Mere 19 agr thet the sugavstions
(110te8 beixv) for uiing the computer 1 instruction are on the vhole highly
ang that the ‘s rols 1a Ingienenting these sugasstions could de

e oignificust one.

Beeause of the high degree of accord ve have simply tabulated responses to
Question § items below. The data are presented as tar Aragha indlcatir. oF eecry
1ten, the auader of respons 1n fazh category. They are randed in order of the
twap respomee (averaged over A and 3, lease ezeatne the data and inlicate on
the reverse sidc of this sheet any disagrersent FOU mlght have eith the grou rating.

Finally, piesse rate the last three ftems. Toese are A
hev 1tems suggested by & nunber of respondents in Question- Desiradiiity
oalre § as being particulariy importent and deeiradie.

1. Vould proeide inatant feeddack, vith the reeult of sore sftictent
1eamiag.

2. Would enabie studemt Lo proceed at owvn rate, vithout pressusre of
lochatepping.

3. Vouls Fecilitate flexidiiity of learning progran vith regard ts ' ’
tiae avd place; + Courses could Ve aade arallable in Zublic
11braries for workiag aduite, or 1a homes.

b vould e the teach
saprets of tesching.

from the sore routise, €rili-and-prectice | | '

5. Vould sake jeesivie lmmedistely atalladle records on studeates’ | I |
histery, greatar

6. V>uld encourage & more freely questioning attitude by resoviag 1 ]
Fear of mahizg errors or ashing 18appropriste questions.

T. ¥ould help to 1nsure Musefree educatiosal enviroameats for i I .' i
alsority grovps.

Vould ShIfU the emphasie 10 student evaluation tovard attafe- | | | '
arnt of objeclics learsing criteria oad avay from plecemmnt is

9. Vould provide & sore coatrolled lewrning environmeat; student
"ot a8 sudject Lo the of poor he)

10, Vould esable atudeat o select Mia ows learning sequence.

11, Vould Pree stsdent to concantrate oo materisl to be learsed
without pressure of cospetitioa frem peere.

Sov Jtems:

1. Vouls proeide for wore highly isterective 1aterchange betveen
Student and body of subject satter vharedy the studest vould
laterrogate and esplore, rather than assimilate 1aforuatios froa
& tascher.

2. Uould enable students to wvork with probless la systess of reallstic
yi L.0., l’ . + eagineceriog and andicine.

3. Would wake 1t posaidie ‘or educational Prograns 1o be more sccurstely
and slgaificantly \ alioving ay reelsion of ecourse
L ®ateria} 1o optiaize teaching effectivecess.
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surszion Ut
WHY HAVE COMIVTENS 0% RECCME )DAE WIDILY WCED I THE DISTRUCTIONAL PROCESS?

Ve Bave eoneolideted responses from Question 11 (and Question 111) futo the
seven cateorics listed belov:

ODONSTRATION

RAFSLARCE AND DEVELOPMENT

INCENTIVES /DISTPIRUTION
EDUCATIONAL SYSTIMS AND THE TEACNER
gng A3D HARNARE

RE-DINETTION OF CAX

Each category tonsists of the original iteas rated 10 Questlonnalre 1 as
vell as pev fteas Suggested by respondents in the first round. As in Question I,
itess rated in the ficst round are presented 1o renk order of importance vith
tar graphs of the frequeacy distrivutions of respamses. Items vithout frequeacy
dlatritutions are the nev ftems.

Pleage rote both the old and the nev ftema by checking the appropriate

categofy. using tte sane scale &8 In Questionnaire 1.

1 © uniaportant fector

2 * alightly tmportent fector

J © poderately fmportant factor

A @ very {mportant factor

$ © extresely or critically fsportant factor

Once agelo, please fgdicate 00 the reverse side Of the sheet any
diatgTeenent you BIGHt have vith tbe group rating.

DBONSTMTION

Lack of earefully planned broad programe of CAl experi-
mentation in actual school settings.

Too fev esasples of high quality use, at least i0 the eyes
dlecipline and {0 teaching that dfsci-
Perhaps too much attention to technology and not eaough
to substance.

Lack of eompelling evidence that CAl {s pore effective than
other methods of comparatle cost.

Lack of “critical mase” in setring up progress.

Fatlure to design curriculs and syetems for high-impact, love
resistance "parkets” vhere real fastitutionsl prodlems cas de
solved.

HESEARCR 0D DEVRLOPOST

Lack of @ sfeple author lasguage vhich vould enadle
teachers t3 prepare effective programs without eatensive
traintng.

Lack of eaperinental dats end theories in learning
peychology vhich vould facilitate the design of effectlve
CAl prograns eppropriate to esch age level.

The lack of p vith epp and talent
in the dlverse disciplines required; 1.e.. {nstructicoal
peychology, computer acience, engineering. educational
adainfstration. radto-1V-fila.

Liniied suaber of fpatructional subjects in which CAT can
be effective = e.g., Bath, srelling, but not history,
vriting.
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VY BAVE COMPUTERG NOT BECOME MORL WILELY USED !¥ THE IESTRUCTIONAL PRICESS? ;'"2;\ 4
&Y
ATL]
f SN
C. INCDITIVES/DISTRIBUTION Ig//8/8/&,
12lafs)s|
1. lack of professional and econcaic facentives for development ] l
of computer-based materials.
2. Lask of {nceati~=s for disseainstioc of softvare. l !
3 Lack of standardization oV cosputer systeas, limiticg l I
free exchange of softvare.
% Dxtreme diversity of, and lack of coordination aacag, gy
school systems throughout the country.
5 Lack of sppropriste mechenlsms for protecting pateote, {
copyrights, etc., for CAD materfials.
6. lack of an organiration to facilitare interchangr of CAY
Frogran msterials.
7. Lack of initistive vith regard to diatrituting softvare and
providing training and eervices for its users.
8. Lack of incentive for faculty sesbars %o expend any coge
sldrradle tine and effort 1o sodifying, or creating
slternative, instructional methods.
=
A
T [
G575/
D:  FDUCATIONAL SYSTPM AYD THE TEACHER 3/~ /¢
2] 3]s
1. M} school 1 to go through reorganization
and truulu mn s droed use of CA! would entatl.
2, Cautiousaess and uncertalnty oa nrt ol’ nhnun as
effectiventas of CAI in
nethods .
3. Fesr o educators of being reduced to » "Suttoo-pushing®
er clerical role by computer.
A. Reservatiocs ma to pnlhll negative affects of removing
ocial od
interprrsonal l’udhul vun nmllul-
$. losufficiency of evaluative techaiques, criteris, and
agencies VIth viich to satisfy educational standards.
6. Bot enough opportuaity for local school people to
par in & of CAY
7. lack of physical space for squipeent.
8. A prevatling attitude that the computer vill be used to
replece poor tescaers. (Computers galn vider use viere
they are considervd as tools that will mele good teachers
mre effective. )
9. Scarcity of resourcas avalladls to train teschers and

Others in the skille r 0 uss CAL 1y,
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QUSTION 11 {cont®d)

VEY MAVE COWGUTERS NOT BRCOMZ MORE VIDLLY UBED IS THE IRSTRICTIONAL PROCESST

SOFVANR ASD RANDWARE

-~

lack of readily avelladle and good computer-based
«ducstional caterials.

b

Disastisfaction vith design of presently svaiiadle
terminale.

Unreliabiiity of bardvare, in terms of frequent dreake
doves due to heavy use by students end fnsufficient
serviciog.

Linitstions o the kind of student faputs joterpretabls
by the computer.

Lack of readily avelladle and sppropriste hardvare
aystems.

Use of systeas in vhich fized inforaation is funneled
through computer’s core storage and central processor
iretess of being malntained in highly sccessidie lowe
coet medis such as magnetlc tape, sudlo tape, video
tape, ete.

osT

1

Nigh capital favestaent even vhere good cost-effectivencss
can e achieved {n the long run.

2

Foor cost-effectiveness, to date, of computar-based astruction.

Jact that CAI s an 8dd-0n cost, not reducing iostructiceal
Suiget, and requiring edditicoal programaing personsel.

RE-DIRECTION OP CAT

1.

Yatture to that rial et de Jetel
and 1f 1t Lo 0 de teught

1y vith

2,

Applicsiion of the * * or singl ithor andel to
curriculus production insteed of the “movie producticn®
wodel {nvolving & Bighly skilled 4ifferentisted tesm.

Tendency 10 put too much “on the cosputer” rether then
sbare the presentation and testing of curriculum odjectives
vith other instructional medis.

Inadequate development of n range of tumputer-based
pedagoglent tectniques. The range mipdt faclude question.
sngvere, tutorial, driil and practice, similstions, games,
probies solving andes, ete.’
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quEstion 31t
VHAT SEETO 7O BE DOXE TO TAP MORS PLLY THE POTERTIAL CORTRIBUTION OF MR 0 NE
PROCISS?

A large nusber and variety of suggestions were received in resjonae to this
Question. As fe Question 1I, wve have organised thes jato the folloving seven

<stagories:
A.  DDNORSTRATION
3. RESEARCE AMD
€. 1Im

ICENTIVES/D!
D. EUCATIONAL FISTENS AND THE TEACKER
Z. SOFVARE AND NARIDNARE

€. AE-DINECTION OF CAl

As there 1s too much ssterial for svery participant to cover, ve afe askiag
you to do the folloving.

Firet. select the three (or more 1f you vish) cetegories I which you have the
aost espertiss or fe vhich you are aoat izterested. Rate vach suggestica in the
selacted categorics wing the followiag scale:

1 = untsportaat

2 = sligntly importast

3 = mnderately important

A © vury isportant

3 = axtremsly or critically isportant

Tou vill potice that the suggestions differ videly 1o their scops, same being quite
specific and othere such more general. Although this axy make some comparisons 41ffi-
cult, ve are peverthelass interssted in s rough lodicetics of vhich suggestions are
the sost faportant fo sach cetegory.

Secondly, critically azanine the cutegories you select and gusgest any restal
ments, additjons, Of deletions that you fesl would make the jtems more preciss and
wore meaniagful in substance. Piease use page 10 for your comments. If you disagres
strongly vith an tes, make @ 0Ote of your ressoas for disagreeasot.

.,0 )
!‘ £ LAY
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A DDORSTRATION N
2/3[M]s

el

1. 1If CAl cun come tO bave poverful
78 Mextcan an dren, tafs vill provide aa soormous
focentive for it we.

2. Mount coe criticel.-sasy-site erperiment that wvould demomstrate
. the sconomic competitiveness of the computer ip instructiocs.

3. More educstion goes 08 outslds Of the .mma establiohasat .
than ia ft. Desonstrets in the mj.
Brivete gector (vhere clear-cut unmtleul goals azlst! the
efficiency of CAI and thes it vill seep It the aduceticoal
establishaent.

M. Vorhing CAl-based model yencolp Beed t0 De developed thet ehov
hov schools can incorporate CAY.

5. CAY needs direct Pederal cootracts to support the development of
several cosplete program, esch iswolving the partiripetios of
and o

onsl 11 There vill be 1ittle progress witil there
1s @ body of actual uunll vith vhich to esperiment and to
desonatrete. Aad the costs of preparing ieitial materiale are so
Mgh and the investasnt 80 risky thet other sources of the sub-
stantial favestasnt fnvolved are ualikely.
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QUIR.TIN 111 {ocettd)

~
WHAT NEESG 75 PE DUNE %3 TAP MOFE FULLY THE [OTENTIAL CONTMIDUTIO ! ?‘\ 4
CF THE COMPUTEN T THE IRSTHUCTIONAL PRICESS? &/

o
B, HISEAKCH AYD LEVICPNEND L
ABRDD
1. There 1 @ need for Lrained inviructiceal des)sn rersonne} j
R who would be familinr wits the specifications of needs, goals,
perforomace odlectives, with benaviorel analysis. planning of I

systes architecture, flowsharting, use Of instructioaal pare~-
algns, use of corputer stle 1o eack stage of the instructional
Crstgn grocess, vith aithor input systesw, taclulleg pree

13 'S an £atro ders, and vith vays o7 comcuntcaticg
bcth with suthors and vith produsticn persornel.

2. The computer pruvides tnstrusentation for e ;e jyvcrology of
instruction which dejarts from tne :dels and Larad.gns feailiar
1n experizental paycholcgy. Sev andels sust be devnloped and
dlss~ainated 20 researciers thrvughout the country.

3. Developoent §: needed of 3 and that
allow the faculty to maalyze the Dastc eontepts Iz thedr
fields and orgarize trese tntn useful aodules Lhat can be

effectively proeented vitn comjuter su;part.

L. CAI's :iradilfty to tolerste much latitule tn studeat responses

&ives It & rigidity wrsutted to many Jects. A tonslderadle
investzent should te made in artifiztel intelligence, vith the
oblective of enadling the comjuter Lo afeeft and analyse free-

fora student responses or questions.

9. Our present knovledge of indlvidusl &ifferences does not begin
t0 put us In position to tare real alvantage cf the cosputer’s
potentinl. The mit urgent aecd is for estetsive resesrch 10%0
(s) testicg teckatsuss sdle to make Ploe dlscriminaticas of
atnie petantiels, por patterns, 1 patterns,
etc.; and {b) the development cf differ q of
saterials responsive to the tndividual pattermns revealed.

/o
€. INCENTIVES/DISTMNTION 70
1y 2

1. TFinancial incentives for teschers to take tralsing courses in the
we of CAI.

2. The identificetion and production of hardvare and softvare for
sass sarkets vill provide cecessary economic tacentives. 1This
leaves the probles of rrofessional tncentives hovever.

3. Annual nitloral avsris for dest CAl progrums.

A, Federal funds should subsidite dtecitline.dased zrespings (ke
the XSFesponsored Comaisstons on College Fhysics, Geagraphy, etc.)

wvhich ought to drav uUxo the moat prosinent mesters of the dipcie
pline to assist in the develofernt Of materials thet make full use
of the cooputer’s instructiocal cepadllity 1o the disciplice.

$. The estadlishment of grafuste rrogramp ia dlsciplinary departaents
ortented towamd teaching rether than research vould de a BaJOT -
indced critieslly laporiant - step toward edvancing the develop-
went of educstional innovaticns.

6. 1t wculd he & Melpful step for g0 or private 1
saxc finnneinl furentives evailadle, st least imitially, fo
potential writers of CAl proarama.

O
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SNSTIoN 11t (contvd)

VHAT BLEDT 0 BE DOSE 70 TAP MCRE FULLY TE TCTENTIAL COSTRINUTION
OF THE COWIUTEN TO THE IRSTRUCTICNAL Thocesst

D. EZIUCATIONAL SUSIIM AND THE TEACKER

1. Consersicn of our genesrsl educational system %0 allov for grester
we of individuallized inytruction technigues.

2. 1t 1o neceasary %0 construct full curriculus uiits 18 vhich coaputer
ussge playe an Intrizsic part, because without thls, teachers are
forced 0 tear apart a curriculun, insert computer activities, and
reconatityte the cutriculua » & LAk for vhich teschers Rave no time.

3. The tescher vho uses sOmedody else’s textbook can etill take the
viev thet he 1 giviog his ovn course. uith CAl materisls. thie
satisfaction becames more tenuous. It might de wvell %0 study how
CAI materiel: can be preparvd vith & eufficient tube: . options
for the sioptins teacher 0 sustaln the position that his course 1
essentially under his owvn 1ntelts tual control.

-

Very 1ittle progress s llhels to De made unless the teacher
training fnstitutions enter CAl 1n depth and with & degree of
professicnal confidence. This would have to 1aciude practical
tralning in the actual wse of the hardvare, an unierstanding of
the softvare, and the techniques of integrsting CAl with the
traditional education prucess.

$. Suner yMorkshops in CAI ought to be provided for teschers. similar
those supported by XSP, however, involving hands-ou enxperience
vllh avelledle aystems.

6. The vievpolnt should be adopted that sajor Drosras develacment yill be
centered in the schools. Teachers ought tp be encouraged to come
up vith ideas and prograzs which they coi lamedistely put 1nto
practice.

7. Coufses in {ndtvidually prescrided {ratructioc and small-group
tutoring should be frovided in every school of edutetion. Caycetors
would find 1t easier to adapt to computer-tased aystems &3 a pesylt
of having s more appropriste bachground, yhile ot the same tine
uhoc:;- vould not feel they vere mahlng an Irrevocadle lnvestoent
in .

8. ESOFIVARE AYD NARDWARE

1. 1t 1s essentlal for the producers of softvace Lo Siree on &
format thet vill sake It wWadle In mnrrmnnm h.ld!sl::-
hh calls for consideradly more self-policlag of the ladustry
sts ot present. The alternetive 1s o acottered effect
I.ul will make no lasting impact on asss-educition and the
SA3> market.

2. Aandstical research 10 needed to 1dentify raletive teportence of
4if{erent types of hardvare interfere; i.e., hesboards, ¢.r.t.,
sudlovieual, etc.

3. There are tvo hardvare pequiresenty {if ve ere o endance our
capedility to present fized (nformatioa vithout paselng 1t,through
the eentral proceseo? Of s computer. Thess are: (1) o high voluse
Iansem accent for use with & computer 1n teaching
veauing and languascs prisarily, and (2) e cosputes terminal wnich

sakes use of the video capsette principle now beglrning to appear
for the hoae market.

L. Conslderation necds to be given to yell-desigmed and versatile
student terminale. Most current terminale sre ugly and unpleasant
0 use, giving the vrong “"laage™ to computer usage.

$. A treak-through 1s needed 1n the developeent of suailiery
tonputer Storage and presentetion devices.
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SUISTICY 11 (cont*d)

VIAT NEI3G TO BE DOXE TO TA MCRE FULLY THE FOTENTIAL COWTRIBUTION
OF THE OUMPUTLR 70 THE INSTRUCTIONAL PROCESS?

sT

Cut the coet of gentral rrocessor tiae to the nelfiborhood of
200 per hour per part.

A gopt=sharing program for school districts and learning centrrs
fostalling & computerized progras. This atght be done on the
tasis of, say $2 rer hour, for each hour of studen® use oa a
terainal.

0 on of large tisw-sharing comnuters and cadle TV
say offer relatively lov=cost CAI opplication. [Efforts teed to
b ained ot develcping appropriste hardvare.

Cust breahthrouwshs reaulting fros utilizetion of #ststing
goerunicriions equipsent. For eaasples conversion Of eajsting
electrit typevriters ioto ccusoles, aitto TV's. etc.

There cusht 10 de an estensive aad gconrdinated offort w bring
Cown the cost of CAl equipeent by arplied research. Computers
based zaterials should de able to compete ecorocaically witd other
learnirg medin, 1.e., books, blackdeards, etc.

RE-DIRECTION OF CAl

-

Greater esphasis oa a ¥ e of computer subtort for
iearning end auch lesa focus oa the tools provided by tradie
tional CAI (tutorial, drilled practice, etc.). .

Many of the applications of the computer to education have
been pedestrian of have involved tasks that aight vell have
beso stcoaplished ugh relatively ut welle
prepared prograxaed teats. Ve should be dolag more frontier
vork and less gimmickry.

3

Zducation 19 oot likely to force tomputing costs Aovmvard any
sore rapidly tnan other markets for computers ate nov forcisg
costs dovnvard. Therefores education would be better sdvised

to coneentrate on unique nesds in cosputing hardvare and softvare
and sirply wvalt out the cost prodles. 3Iutorial CAl and drill

a4 practics CAl are nov cost-Justified in only speciel instazces
auch 89 remedial sducation, epecial centraletity situstions,

etc.  Computers can be cast-Justified aov for use in prodlen
solving in + for gata p tor .
and gases, and for certaln aged sppli-
cations.

[N

Simlation 18 the single ares vhere the computer can provige
something which cannot be provided by othaer imstructional means.
‘There should be a greater concentrstion of effort on the develop-

et of stmiletion sstefisls, for whith there is & sudbstantiel

market potentiail.

.

1a viev of the critical reading retariat.on prodlem, especially
sanifest in urben ainority childreo, major concentration ghould
be on designing tvo or three (2.1} Al Prograns

Sirvetly at this specific problem. The gociel needs are greatest
there, And the Fesources for funding research and dcvelopment
are greatest there. Moreover, sucfesses 10 this sector vould
sttrect much fuller surport fur other applications of CAl.
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QUESTION III (cont'd)

b Note: Please use additional sheets, or the reverse side of this sheet,
if you wish.

Restatements, additions and other comments:

Signature Date
Q v g
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EDUCOM |

INTERUNIVERSITY COMMUNICATIONS COUNCIL, INC.
Pust Offue Hon 364 - Hosed sia Hoad, Pricaton, New Jersey 08540 - Telephone 6099217575

QUESTIONNAIRE 3

Study of Factors that have Inhibited a More Widespread Use
of Computers in the Instructional Process

Attached is the third and final questionnaire in the sequence being
used in this study. It is based on the respouses of the thirty par-
ticipants to the preceding tvo questionnaires. In it are represented,
in summarized form, the group's evaluations and judgments in the areas
that hsve been brought under consideration. You are requested to
react to both majority opinions and dissenting vievpoints in each area.

We vish to emphasize the importance of your comments in enabling us
to accurately interprev and represent your point of view, and encourage
. you to comment freely and critically vherever possible. .

‘The questionnaire is divided into three sections. The first presents a
tabulation of responses regarding the desirability of, and the computer's
contributica to, a number of possible educational changes resulting from
a broader use of CAI. The three new items rated in Questionnaire 2

are included.

The second aection deals with the obstacles to CAI acceptance. It
presents the group's evaluation of topics in eac’. of the six areas vhich
vere exanined and rated in Questionnaire 2, ani asks for a re-evaluation
in light of the group Judgment. Also requested are your reactions to
comments made by other participants.

The final section concerns your ideas as to vhat effective actions might
be taken to further the growth of CAI, in value and acceptance. You
are requested to describe, as explicitly as possible, the ways in vhich
your ideas mipght be implemented. This section of the questionnaire
vill partially provide the substance for the conference to be held in
liovenber.

As in the preceding questionnairesa, wve wish to note that the term
computer-assisted instruction (CAI) will be used ss a generic temm, com~
prising all aspects of the utilization of the computer in an instructional

. context. Included within the scope of the term as used in this study
vill be what some have preferred to call computer-augmented instruction,
computer-panaged instruction, P based ed ion, and also problem~
solving, gaming, simulation, etc.
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e resjcnies 1o the fiew ftemn tatroluced 1o the second questioroatre

4

agein Indicated gunstantial egr e, e
e destratility and the cosgutar’s potential contridutica
to, the etarsiional consilered. ™ o e
dats for the r.ew tteme, (1, 3, and 6) beve stnply Been includrd
awsp the other itemv {in tatuleted form.

T 1ats are presented as TAr graghs icdiceting, for every
Ites, the nuater of rwajonses 14 each Cotegury. The ftems are
ranied (n order cf the mean response (aversged over categories
A and B).

Flease eaaxine *he list, and commrnt ob ady points viAieh you
Selleve could Do IBFToved cr vith wAtch you disasree. f{lne
the reverte side of the sneet for comments.}

A
Deetradtiity

]
Coaaguter's Role

1. Woull ensdle students to vors with prcbiems tn systems of realistic
ceopleaity;, e.£., tn vctences, tustness, engineering and sedicise.

2. Jould provise instant feeddack, sith the resalt of enge 8ff1ctent
learning.

3. Would provide for more Bighly irterective interchasge betveen
student and Bndy of subject matter vheredy the student would
interrogete and exglore, rether than aseiatlate informstisn frcs

o teasher,

L. Vould ecadle student T3 proceed ot OWn rats, vitdout preesurs of
locanteyping.

9. VWould fectlitete fleeibility of Zearning proaran with regurd to
tiee and place; e.£., courses could be made avelladle in publie
Jitraries for vurhing alults, or in hoses.

€. Vould mase 1t possidle for educaticnal sroarass 1o be more wecuretely
and significartly evel =4, alicwing systesatic revision cf ecurpe
paterial 10 Optigicr teaching effectiveness.

7. Would free the teacher from ths scre routine, drilleandepractice
sapects of teerkina.
—

8. Nould sase jovsinie twwedintely ovallable records 00 Studeats’
1carning Ristery, farilitating sreeter individualtzetion.

9. Would encoutasr & mnre freely quetioning sttitute bty removing
fear of anaing Prrorn 7 ASRINA $hAPpPUpTiets questions.

10. Vould help 10 In.ufe blan-free rducatitned eavironpents for
Bins ity proups

12 o0 atudert cvalustion toward ettetn.
went W ablective & PINEF CRITPTIN 4nd avny fTOR Diatesent in
® mrmitive curve,

12, Swul) recvede o mare ccntrolled leerning enviscnsert, stulent
Aot Lt ogublert to the megative (nflurnce of jcor teachling.

13. ¥4 enable student to select Riv own jearning sequence.

14, Would free stadent to concentrates on materisl to be jearned
withnut pressure of cvepetition from peers.




SECTION I1

In thiz section, the results of the preceding questionnaires are presented,
grouped {nto the follcwing six cetegorries:

A. DEMORSTRATION
€osT

C. PRODUCTION/DISTRIBUTION OF CAl MATERIALS
D.  EDUCATIONAL SYSTIM AND THE TEACHER

E. RESEARCH AND DEVELOPMENT

F. RE-DIRECTION OF CAI

For each eatepory, you are asked o resct to the group dsts in the folloviog
vays:

(1) re-rate each itea, comzenting vhere you disagree uith the
sajority opinion,
(2) evaluate the over-all descriptioo of problems ia each category,

(3) react to suggestions and comments from other respondents.

Instruetions for rating:

A slightly different rating fcrmat is used in this questionmaire. !a each
iten (gee the exazple below), °*M* represents the pedian response to <he itea
froa Questionnsire 2. The bar indicates the range conteining the middle 50%
of responses (the inter-quartile range).

Please rate each item again, and gomment wherever your reting falls outside
the inter-quartile range.

For irstance, if you vere to eheck category 1 or category 5 in rating the
folloving item, you are requested to state briefly vhy you think the rating
should be thet such lover or that much higher than the majority opinion.

The same seale in used as In the previous questionnalres:

1 = unimportant fector

2 = gliphtly important factor

3 = midrrately i{mportant factor

b @ very fmportant fector

$ = extremely or critieslly {mportant factor
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A.

ZAONSTRATIOR

VEY RAVE CONPUTYRS BOT BECOME HDRE VIDIXY ISED 19 TME INSTRICTTIONAL
moasst

& S
afs [
Flease re-rate the folioving, as described in the f:' “"0 _n" the ,...,:.‘:::::::m
5
festructions on page ). . IS/ f.‘ "/ sneet $F your ratisg does
1121318 1s aot fall withis the reage

A, To0 fev ezaaples of high quality use.®

A2, Tallure to design curricula and systems for high-impact, low-
resietence “mariets” vhere real lmstitutiosal probless cen be u
solved. jgm—

43, Llech of campelling evidence that CAI $e more effective than

other arthods 0f camparable cast. L]
4b, lack of carefully planned droad program of CAI expert.
mmtation 1a actual school settings. L)
45, Lech of "critical mase” i setting up programs. lll
0o you fesl that this 1 ao of the bl la thls ares?
(Vhat comments would you add to make the picture more complatet)

Do you fesl that the sature of the prodlems fa thls arva 4iffers algnificantly for different levels
of educatlon (e.g., pre~college and college)t If so, bowt

STiie itea has been restated. It was forwerly “Too fev ezamples of high quality use, at least la the
eyae of perscns espert in the discipline and ta teaching that d%scipline. Perdaps 00 much attention
10 technology and not enough to substance.”
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Aruitoxt provided by Eic:

A. DEMONSTRATION {ennt'd)

VAT FEOIZXS TO BE DONE 1N THIS AREA 7O TAP JORE FULLY THE POTENTIAL OF CAI?

Belov are three responses to this question which vere the most highly rated in the previous
questionnalre {in terms of sean ratings of lwportance).

al. CAl needs direct Federal contrects to support the fevelopment of scveral comrigse
programs ., each involving the part tion 0% & versity. s 00l svstem, and s
Broducey or publisher of rducational materialy. There will be little progress until
there ta & body of ectual material vith vhich to experiment and to demonstrate. And
the costa of preparing initial materials are s0 high end the iavestmest 3o risky that
other sources of the gub tial § are wmlikely.

2. Mount one criticalemass=site rxperiarnt that would dewoatrate the econmic competls
tivepess of the computer I8 instructios.

€. Vorking CAl-based wodel 9chools need %0 be developed that show hov schools cen
incorporate CAL,

Are there othef suggestions vbich you believe are mre laportant than theae?

Folloving are some rep ative froa Please tnat whether you agree
oF dlsagree, and comment wherever you fecl it 1s wppropriste {use the Teverse side of the sheet tor

atditiconl space).
Commrnt 1f eppropriste:

ERIC

1. "Attespts to isplement CAI in schoola before it s fully |_Agree__
developed might generste s tacklash that would serfously Dissgree__
affect later development.”

2. “tore trial and error 1s areded before CAI is ready for | AgTee__
the risk of & large-acale demonstratics.” Disagree__

). “Demonstrations should reflect a vide varfety of alter~ | Agree__
dative tastructicnal uses for the computer.” Disagree__
Vo aliitional questions vere reflected in comsents of a Dusber of respondants, Please provide a
brief anaver for each:

1. At what level or in what ares of education vould CAI be
tritially most effective and most likely to induce 8
videspread acccptance? (l.e., vhat are major 'Mgh-
lwpact, lovercelatance’ areas--gee A2, )

2. Which ls more critical: the lack of demonstration of highe

quality instruction, or Of economic feasidility?

9




B, oa?

VY RAVE COMJUTIRS NOT BECOMEZ MOPE WIDFLY UCED IR TNE IESTRUCTIOBAL
rROCISS?

E

Aruitoxt provided by Eic:
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O
</ Cosment here or on
£)ease re.rate the follnving, a8 d-ecrited in the (§/8/a ke reverse side of this
<
fastructions on pas¢ 3. I5/3/8/8/&/ aneet it your reving dore
tal3]v |3 sot fall vithin the Fange
indiceted:
BPl, Fact thet CAI 19 sn add-on cost, not reducing instructicaal .
Yudget, and requiring sdditicnal progeamaing pereonnel. -; .
K2, Bigh capital iavestacnt even vhere good cost-effectivenees
tan D+ achieved in the long run. _-l;
83. Mor cust-effectivenede, to date, of computersbused N
! taotruction. M
Do gou feel that this e an accur P less fo thie ares?

of the pi
(Vaet comests viuld you add te make the plcture sore tomplete?)

o you feed thet the meture of the prodlems 1n thie ares 41ffers eignificantly for 41ffervnt levels
of education {e.g., pre-college and college)! 1If so, howt!

“»
oo
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e ey (conted)

WVHAT NERXC 20 PE DOAY. IN THIS AREA TU TAP SORE FULLY THE POTINTIAL OF Calt

Belov arc three responves tO this questiod vhich recelved the highest sean ratings, in terws
of isportances in the previous questicnnaire.

b1, There cught to be an estecvive and coordinated effort to driog down the cost of CAT
equipnent by arplied rerearch. Cowmputer-based ssteriale should te able to compete
econcmically vith other lrarning sedis, i.e., books, dlachbourds, etc.

b2, Tre combination of large time-sharing computers and cadle TV may offer relatively
lovecost CAI applicstion. Lfforis need to be aimed at developing appropriate

hardvare.

©). Cut the cost of central Processsr time to the nelghborhood of 204 per student
isntact hour.

Sre therr other suggestions which you believe are mors isportant then these?

Followiog are some Tepresentative comments from respondents. Please indicate vhether you agree
or dlesiree, and comsent vherever you feel 1t 1o appropriste (use tbe reverss sicde of tbe sheet for
sdditional space).

Comment If appropristes
1. “Ordinary economle ; -sures, combined with technological

sdvances, will bring ‘e cost of computer and |__Agree
communications equipm ‘& this is primsarily the Disagres__
way that the cost pr b 2 resolved.”

2. "‘Cost-effectiveness’ s not & term vhich is relevant to
present education. It requires specific odjectives, which
ordinery schocis dunt have.”

| Aaree__
Dtsagree__

ERIC s
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TONDISTRIBUTION OF CAl MATERTAIS

Crament hore or on
the reverse 8ide of this
sheet 1f your rating does
not fall within the range
1ndlce!

Peay, ste !
fnatructionsy on ac

2ileeing, s descrided in the
v’ 3.

1ladle an! sod eomputersbaied

educatisral

€. Llace of grofessional and etoncmis incentives fop
develojernt of craputeritesed natepials. L]

€. tack of increative Tor faculty m-ad: to expend any
cunslsopadle tine and effort in mdifying, or ceeating
alternative, lnetructional nethoda. L]

Ch.  Lach of Incestives for 1isserination of saftvare. w

CS. Application of the “testtoud™ or sirgle-quthor m¥del to
curricutua production (neteas of the “movie §rodustisn®
snde]l tavolving & highly shillel Aiffrrentiated tean, L]

€6. The lack of pess.anel vith sppropriate training and
talent in the divers= disciplinee required; l.e.,
Instructional paychalogy, computer science, engineesring,
educatirnal sdaintstration, radio-TV.flle.

€T, Lark of standerdiration of coeputer systems, lisiting

free eschangr of sofisvare. &-
CR.  Lack of appropristr erihanions for protecting patents,
copsrigite, et for CAl materialas L-
b e e e s e B2
€9, lach of initiative vith regard to distriduting software
and providirg training and sersices for 1te uaers, &_
€10, lLack of an orgenlretion to facilitate interchange of CAI
§rogras saterisls, LY
M you feel that this (P an arcurete rep tion of the P in this ares?

{Wnet crewents vould yru adf to make the picture swre compietet)

0 you frel that the nature of the problems iIn thia ares differs significantly for Aifferest levels ‘
of education (e.¢., pre-coliege and college)l 1P ao, how! l
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. PRODUCTION/DISTRIDUTION OF CAT MATERIALS (cont®d)

VEAT NEEUG TO AE LONE 1N THIS APEA TU TAP MOKE FULLY THZ POTENTIAL OF CAl?

Belov ere three responses to this question yhich vere most highly rated in the previous
questionnaire (in terxs 8¢ mean ratings of faportance),

el There 1s & need for trained instructjons} Jeajen personns] who would be

fanilier with the specificatione of nee. foals, performante ob)ectives, yith
behaviorsl anslysis. rlanning of system apchitecture, flovenarting, use of
fmstructions] perafigus, use of ccejuter aids to each stage of the {nstruce
tional design process. with author Input systeas. Including preprocessors

and macro »perderss and vith vays of comaunicating dath with suthors and
with production perscarel.

€2, 1t vould be & helpful step for govermment nr trivate agencles to make

financisl Incentivet aveilatle, st lewst initially, for potential yriters
of CAl programs.

€3. Pedersl funds should sutsidize disciplire-based proupings (11ae the NSF-

sponsored Comelssions on College Ihyeices Geography, etc.) yhieh ougnt to
drav upon the most {roninent meabers of the discipline to ussist o the
developnent of saterials that sake full use of the computer’s lnstructional
capadllity in the dincipiine,

Are there other suggestions yhich you believe are more imortant than thes-?

Yollowing are nome represeatative comments frow respondents. Please tndicate vhether yOu agree
or disagres, and comaent wherever you feel it is approjriste (use the reverse slde of the sheet for

additional spsce).
Commeat 1f appropriate:

1. “iurely financial Incentives will drav relatively iocom- | Agree
petent people Into the fleld. Attention must be glven Disagrens_
%0 maintaining professional standards.”

?. "The prodlem of effective dlstribution of CAl materials | _Asree_
and gystems will rrsolve 1tsclf once there 19 & sarket Dlum-_
for such materials.”

3. "loca) feople sre genepally nut qualified to write CAl [ Axree__
arterinls, nof would thry huwe the necessary time. Disngree__
Results wruld be hishly u. n o qualitg.”

An additional Juation afore from comments of & punber Of respondents. Please provide & brief araver,

1. Who am anst 1ikely tu b~ the primary producers of CAl
course aateriais?

ERIC N &
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0. EDUCATIONAL SYOTEM AND THE TEACHER

VMY WAYE COMPUTERS BOT MECUME MORE VILELY UNED 1N THE IRSTRUCTIONAL
PROCISS?

IS/ /S
LN
(/614 ‘[ Comment bere of on
Please re-yate the fallrulng, as descrided In the 5 ll("‘;- :::.:'l"";:u;l::‘::"-::.
Instructions on page 3. {713 {v ]3] ™t il vithin the range
ledicated:
Dl. Reluctance of school Ferscanel to go through reorganization
and trajaifa thet o brosd wee of CAl vould entell. Ll
PP, Cautiownsess and uncertainty on part of edycators as to
effectivenss of CAl Jn comparison vith traditicnal teaching
methods, &_
D). Scarcity of resources svalleble to train teachers and
others in the suills required to use CAD successfully. M
DA, Fear of educators of being reduced to & “dutton-pushicg”
or clerical vole by coaputer. ("]
D5. Mevervaticns as to possible negative offecis of removing
instructional process from social situstion and replacing
b 2 el vith 1. L]
06, Estrenc divessity of, and lack of coordination amwng,
school systems throughout the country. ey
1. lesufficlency of evalustive techiques, criteris, sad
agencies vith vhich to satlafy educetional standards. 188
08, A prevalling attitude that the cowputer vill be wed to
replace mor teachers instead of o Rake good teachers pore
effective.? O
D9, Bot encuah oppartunity for local school pecple to par-
ticipste In Covelopaent of CAl prodrane, Cimm

o you feel that this I8 an accurate representation of the probless in this area?
(¥hat comente vould you add to make the picture more cowplete?

Do you feel that the pature of the probleas in thls ares a1ffere sifnificantly for &iffsrent leavels
of education (».z., pre-collese and collegel? If 80, how

f

®This (tem nas bren rentated. It yas formerly °a preveiling gttitude that mgowuur wvill be used to
replace pooe teachr . (Confuters Fain vider use where they are considered as tools thet vill mare good
tesrher: more effertier,}®
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D. KDUCATIONAL SYSTEM AND THE THACHIR (cont®d)

VAT FETIG TO BE [ONE IN THIS AREA TO TAP MORE FULLY THE POTINTIAL OF CAlt

of isportance, in the previous questionnalre.

lastruction techniques.

which teachers have no tise.

Belov are \hree Pesponses to this question vhich received the hfgheat pean ratiogs, 10 terms
4l. Conversion of our generst educational aystes to allov for grester wse of {odividuglised

42, 1t {8 necessary Lo construet full currieulum units in which computer usage plays
an intrinsic part, because vithout this, teachers are forced to tear spart s cur-
riculum, Insert cosputer activities, and reconstitute the curriculus - & task for

43. Suww-r vorhthops In CAl ought to be provided for teachers, slailar %o thoss supported
by NSF, hovever, involving hands-on esperience vith svailadble systems.

Are there other suigestions which you delieve are mope 1uportant than theast

folloving are sose rep stive

« Plesse 1041

from hether you agree
or dissgree, and ecsment vhcrever you feel It is sppropriste (use the reverse alde of the eheet for

sdditional spacel.

"Any CAl wsyates which allovs students to proceed at
their own r will create insoludble sdministrstive
problesa for t-alitional achools.”

*CAl progran lojment should te d in schools
80 that teachers can actively partielpate In, and con-
tridute thelr espertence to, the drvclopacat of {deas
and programs.* .

“CA) material- should Le |repared with a suffieleat
ausber of optiona for the adopting teacher to sustain
the fosition that Nis courae is essentially under Mha
own tatellectusl contro).”

Comment {0 appropriste:




F. BESEARCH AND DEVIINGMENT
VHT NAVE COMPUTRS ROT BICCMY Wik WIDETT UBED 1'% THE IIZTRUCTIOWAL
FROCIBSY

Please re-rate the following, a3 descrided [t ¢he
shetructions on page 3.

¥
nct fall vitain the recge
indicated:

5

Disvatisfacticn vith deslgn of presertly awri.abdie

terutnals. : -
ot
E2. Limitations 1o tne klnda of student irputs !y erpretetie by
the compater. L1
k). Unrelladiitty of hardvare, in terms of freguat dreahe
downs dus to haavy use ty $tudents and fasufficlent .
aervicing. L
Th. Use of systems ta vhich flsed [aforeation ta Nnneled .

Arough CuBTUtEr’s ture 107Ad® and central proceseur
fnstead of deing maintained ik Nighly azressitle lovocost

sedia such as Ragnettc taje, 4410 tape, video tape, etc, AN
- e SRS OB
T5. Llack of readtly availadle and qpropriate harduare
systens. ;_

LS. Lack of & slerie author languaze wnich wiuld enable
teachors 10 prepare effective prisrsas vithout estensive

training. :-—

Lach of erperinental data and thecries lu learning
prychology which would farilfitate design effece

tive CAl proqrans agpropriste 1o each age level. ;_

3

) you feel that thia 18 an accurate repressntation of the prodless fo this area?
{What comments would you 8dd (0 make t2e pictute mcre complcts?)

e you feel that the nature of the protless 1n this ares differs significantly for different lesels
of education (r.p., preccoliese and college)? 1If 80, hov?

ERIC | . B8 80
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B, RESEANCI AND DEVELOPMINT (cont'd)

WIAT NLIDG 70 BE DONE 1N THIS ARZA 10 TAP NORR FULLY TWE POTENTIAL OF CAl?

Belov 4re three resp to this q
of importence, in the previous questionnaire.

el. Developaent 1a necded of and
analyze the bdasic concepts In thelir flelds and
sodules thst can be effectlvely presented with

mwdels mst be developed and 91 4 to

100 vhich received the highest sean retings, fo terws

that allov tbe faculty to

into we:

computer support.

e2. The coaputer provides instrumentation for s pev peychology of instruction viieh
departs from the mxdels and paradigms ramilisr in esperimental peychology. Mew

the country.

e). Considerstion meeds to De given to we]ladesjgned and vervatile gtudent termisals.

Are there other suggestions vhich you delieve are more important than theset

Folloving are some rep ative

Please 1ndicate vhetber you agree or

froe
disagres, and coment vherever you feel 1t 1s epproprista {use the reverse aide of the sheet for

siditiosal space).

1. "CAl requires a preat deal of further developaent and
study through disciplinary research and indwtrial '—::"—.
developarnt before it la pefined enoush for wide uss.” aree__
2. “Nesesrch conalderstions are very fmportant in the long- ree
range viev, but other factor® are of more immediste "';f -
concern,” sharee_
3. “testructicn Is 11l an ‘ert’; tnstructional theories | Agree_
are [rrelevant to aahing Detter materials.” Dlasgree__

ERIC
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RE-DIRECTION OF CAl

F.

VAT NAVE OWO'UTENS YT SECOME )DAX WIDELY UGED 18 THE IRSTMUCTIONAL

rmcmst
'~
s, /3
Plesse_re-rate toe follovings o described 1n the (/8750 [] sa reveres srte <t tate
featructions oo page 3. 5/SS8E[S] amert it your rating does
izl s not fall vithis the range
indicated:
M. Faliure to recognive that saterial sust be completaly
reorganised and restructured 17 1t 1o to be taught
effectively vith computer syotess. [
2. 1lasdequate developacnt of & Pange of computer-based
pedagogical techaiques. The reange alght include gquestios-
anevers, tutorial, &ri1l and prectice, sloulations, geaes,
protlen solving sodes. etc. -&
73. Teadency to put 100 much “on the computer™ ratier thea share
the presentation and testing of curriculua objectives vith
other fastructional aedla. =il

ERI!
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o n‘u feel thet thie 10 an sceurste rep

b1 in thie ares?
What commrnte worild you edd to sake H

of the
the pleiare sore complote?

Do you frel thet the aature of the probless in thie ares &1ffers eignificantly for &1fferent levels
of educarion {e.g., prescoliege and college)? If oo,
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F. RE-DIRECTION OF CAI {cont'd)

VHAT SEEI0 TO BE DORE 1N THIS AREA TO TAP MORE FULLY TRE FOTENTIAL OP CAIt

Belov are three responses to this question vhich received the bighest mean ratings, in terms
of importance, in the previous questionnsire.

fl. Many of the spplications of the computer to educstion have been prdestrian or have

glmmichry.
f2. In viev of the critice) resding reterdation £rodblem, especlally manifest 15 urban
misority children, msjor concentrsticn should de on d hree alte

there, and the resources for Nunding research and development are grestest there.
Moreo suceesnes in this sector vould attract much fuller support for other
spplications of CAl.
3

£3. Educstion {s not llkely 1o force computing costs downvard any more rapidly than other
sarhets for computers are nov forcing coste downvard. Therefore, education vould de
better advised Lo concentrate on yntque Needs in computing hardvare and softvare and
slaply vait cut the cost prubles. 7Tutorial CAI end drill and practice CAY are nov
cost-Juctified in only special Instences such as remedial educetion, special central-
city situstions, etc. Computers can de coat-Justified nov for we in prodlem solving
in schoolss for dete processing educaticn, for slmulation and games, and for certaln
camputer-naneged instruction applicstions.

Are there other suggestions vhich you delieve are more importent thea theset

Polloving are some rep ive froa & Plesse 1083 vhather you agree or
dleagree, and corment vherever you feel it {s appropriste (use the reverse aide of the sheet for

additional space).
Cocment 1f sppropriste:

1. "CAI 1s o expensive pov for any uses but specialired
ones. More effort should de glven to designing high- L Agree__
quality CAl prograsn for specific educstinnal prodlesms Disegree
vhere CAl alght be particularly cffective, such an
remrdlal educstion, resding, snd calculus.”

2. "There ahould be sre caphasis un Jeamer cootrol of

subjert saterial and style of tesching.” Dlnu'—"o_
3. "Therc should be vore effort directed tovard a computer=

based sy stem vhich vould provide support for all the |_Agree__

instructional and sanagearnt functions in e achool's Disagree

progran.”

S, “There s 2ot enough leadership in the ares of
educational chanze, witch 1s necessary If the potential Agree__
of CAl 1s to be fully developed. Natlonal centers mre [ Disagree_
necded to 4o resvarch, to deselop resources, to study
policy questions, develop stratcgies, etc.”

N 5
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SECTION 111

In this scction ve are requesting your ideas as to specific actiona that

sight be teken to further the grovih in value and .:ceptance of CAI.

Belect tvo (or more 1f you vish) of the eix areas coneidered—~onse in vhich

you have the most expertise or are sost intsrested--and descride, in sech

ares, an action plan vhich you feel would De s significant etep tovard removiog
obatacles to CAI'e development. You may vish to use ods of the three suggesticns
for actions vhich are listed in sach ares in Bection II, or you may chooss

to develop ¢ nev suggestion.

In sddition to a description of the sction plan, include suggestions of the
source and level of funding, target populetion, time projections, and eo 0u.

Your efforts to develop thess plans as thoroughly as possible, which ve realise
is o time-consuming and dcmanding task, vill be very such sppreciated. The
plans vill be used in determiningk the format, and providiag the topics for
diecuseion, in the conference to be held st the end of the etudy.

ACTION PLAN I
Ares:
Description:
Source & level of Punding:
Terget Populstion: {
Time Projection:
90

l"’

-
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ACTION PLAN II

Area:

Description:

Bource & Level of Punding:
Target Population:

Time Projection:

Signature

Date




Appendix 2

Responses to Questionnaire 3

Following is a summaty of tesponses 1o the representative cumments and
questions in OQuestionnaire 3,

Total Nunitier

A. DEMONSTRATION of Respondents
' Agteemg u Disagroeing

1 “Attempts 10 implement CAl in schools before it is fully __Aqwn?_’
developed might generate a backlash that would seriously aftect Disagwn:i
later deveiopment.™

2. “More trial and error 1s nceded before CAJ is ready for the risk |__Agiecl6
of a large-scale demonstration.” Disagree 11

3. “Demonsirations should reflect a wide variety of alternative |_Agree 19
instructional uses loe the coniputer.” Disagree 7

1. At what level or in what area of education would CAI be initially
most effective and most likely to induce a widespread acceptance?
{l.e., what are major ‘high-impact, low-resistance® areas-see A2.)

Summary of Responses Number of’ Respondents
m each Category

Basic skalls: math, english.....ccccomerineecereceens oo oo seersenes 9

W) AU PIECOlCRE (3 i et e e e e

b) remediat or introducion

in community or jurtion colleges (3)

Advanced work at college tevel,
Vocational, technical schouls....
Remedial programs for disadvaniaged,

special ed. childien.... .. ...
Indastrial, milivary vaining
Combinations of the ahuve...,

2. Which is more critical: the lack of demonstration of high-quality
instruction, or of economic feasibility?

Emphasis on cconomic feasibility .....oiieeieeeeeececcees e o 14

Emphasis on qUality ..o eneonmmee e sevsens X
Both are equally important... e e cee e ereseesonsssenssnns 4

ERIC 93 94
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“Ordinary economic pressures, combined with léchnoloqncal
advances, will bring down the cost of computer and cornmunica-
tons equipment in time; this is piimanily the way that the cost
tnoblem will be resolved.”

| Agree 23
Disagree 5

* ‘Cost-effectiveness’ is not a ttim which 15 relevant ta present
cducation. It requires specific objectives, which ordinary schools
don't have."

__ Agiee 10

Disagree 16

C. PRODUCTION/DISTRIBUTION OF CAI MATERIALS

“Purely financial incentives will draw relatively incompetent
people into the field. Attention must be given to maintaining
professional standards.”

“The problem of effective distnbution of CAl materials and
systems will resolve itself once there is a market for such
materials.*

“Local people are generally not qualified to write CAl materials
nor would they have the necessary time, Results would be highly
uneven in quality.”

Agiee 3
Disagree 14

Agree21
Disagree 7

Agree 18
Disagree 8

Who are most likely to be the primary producers of CAl course
materials?

Academie Gaculty
Puvate sector, publishers.
mstructional matenals producers. similar to textbook
PROGUCTIOMN it sseresssssrersss st s aese s aeens . W7
Teams of specialists, or university-based labs....
A VATICNY OF SUUICCS veeeeeenrntaresressamrsssesssessesessnssen




FILMED FROM BEST AVAILABLE COPY

D. EDUCATIONAL SYSTEM AND THE TEACHER

*“Any CAl system which allows students to proceect at their own
rate will create insoluble administrative problems for traclitional
schools.' :

|_“Agree 7

Disagre? 22

2,

*“CAl program development should be centered in schools so that
teachers can actively participate in, and contribute lhe_it experience
to, the development of ideas and programs.”

_Agree 14
Disagree 14

“CAl materials should be prepared with a sufficient number of
options for the adopting teacher to sustain the position that his
course is essentially under his own intellectual control,”

| Agree 21
Disagree 5.

€. RESEARCH AND DEVELDPMENT |

*CAl requires a great deal ol further LIeQelopmenl and study
through disciptinary research and industrial developinent before
it is refined enough for wide use,”

|_Agrec 16
Disagre: n

*Research considerations are very important in the long-range
view, but other factors are of more ilnmediate concern,”

| Agree 17
Disagree 6

“Instruction is still an “art’; instructionat theories are irrelevant to
making better materials.”

_Agree 5

Disagree 20

F. RE-DIRECTION DF CAl

“CAl is too expensive now for gny uses but specialized ones.
More effort should be given to designing high quality CAl pro.
grams for specific educational problems where CAl might be
particularly effective, such as remedial education, reading, and
calculus.”

|_Agree 22
Disagree 6_

"There should be more emphasis on learner contro! of subject
material and style of teaching,”

| Agree 17
Disagree 10

*There should be more effort directed toward a computer-based
system which would provide support for all the instructional and
management functions in a school’s program,”

| _Agree 19
Disagree g

“There is not enough leadership in the area of educational change,
which is necessary if the potential of CAl is to be fully developed,
National centers are needed to do research, to develop resources,
to study policy questions, Jevelop strategies, etc.”

|_Agree 22
Disagree 6

ERIC
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Appendix 3

Convergence Data

The response. distributions of Question Il items, over the three ques-
tionnaires (Q1, Q2, and Q3), are summurized below. The items are
numbered as in Q3, which is presented in Appendix 1. The bars indicate -
the range for cach distribution containing the middle 50% of responses
(the interquartile range), with M indicating the median rating.

lems which have only Q2 and Q3 ratings are those which were first
introduced in the second questionnaire. . ' '

R represents the number of responses which were more than one rating
category from the median (M). o

Comparing Q2 to Q1, 11 out of 23 items decreased in R values (i.c.,
had fewer out-of-range responses), 5 remained the same, and 7 increased.
Comparing Q3 to Q2, 31 out of 37 items decreased in R values, 3 re-
mained the same, and 3 increased.

1.2.34.5 R
Al: Q1 M
Q2
Q3 -0
1.2.3 45
A2: a M
02 4
Q3 3
1.2.3 4.5
A3: a1l "
Q2 " 4
Q3 l : 0
97




1,2 3445 B
A4: g; — :
- 2
Q3 0
1.2 345
AS: a1 M
Q2 :
v ,
a3 ?
123 4
B1 g; - 6
M
a3 ?
1234
B2: a1 M ‘
Q2 :
M
a3 ?
123456
B3: g; M 2
M
a3 ’
1.2 3 4M5 6
c: a M
Q2 M 2
M
1 a3 — ?
LS
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D4:

D5:

Dé6:

D7:

D8:

D9:

a1
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E6:

E7:

Ft:

F2:

F3:
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A ppei_?dix 4

Origina( Action Plans

These are the unedited action plans suggested in response (o Seg:ilon 111 in Ques-
tionnaire 3. They represent the major source from which the action statements
(Appendix §) were drawn, : S

L (1)t Thorough integration of CAl into a school curriculum will take (1) develop- -
ment of adequate materials, (2) revised administrative arrangenents, (3) special train-
ing for teachers, (4) cooperation of parents. As successful demonstrations will
necessarily be of substantial scope | would fuvor working with a state and one or
more cooperating school districts. Enough funds must be provided to give udequate
lead -time, | - 3 years, and personnel. Potential benefits to be demonsirated are -
possible reduction in school costs, improved achievement, and greater (lexibility of

instruction, o : s : ’

FUNDING: Federal, State. Local ~ combination to yield ubptoxilmlcly
$1.000,000 per cooperating unit per year.

TARGET POPULATION: Typical schools.
TIME PROJECTION: § - 7 ydars,

2, (1,5) The basic technology and techniques required for effective use of CAl have
been sufficiently outlined through numerous relatively small ad hoc studies to indi- -
cate the need for major coordinated programs of research and development. It is clear
that the parameters of the CAl system are as critical in determining its educational
usefulness and economic feasibility as are the items of hardware and the compuler
programs. A smafl number of large scale projects should be undertaken which involve
coordinated rescarch and application of complete CAl systems serving a statistically
significant clientele. The magnitude of such projects would require large commit-
ments of funds for u period of several years,

At least two projects should be developed; one designed around maximum centratiza-
tion of the -information handling machinery with direct lines to each terminal, and
the other emphasizing local computational units or “nodes™ of computational
machinery in an intercommunicating web. These projects should be undertaken
through a consortium of industry, universities and communities, and directed initially
toward markets of mass application and broad social need such as remedial elemen-
tary education (reading, oral and written language usage, mathematics, etc.), voca-
tional -training in areas of projected need (service industries such as health care,
mechanical maintenance, computer programming, etc.), 2nd college remedial subjects
(language facility, mathematics, etc.). These projects could be organized within five
categories of activities: (1) system design, (2) hardware development. (3) program
development, (4) operation, (5) evaluation.

1The numbers in parentheses refer to the related action statements in Appendix 5.

R X 2|
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FUNDING: Federal grants plus industry R & D monies. $10- $15 million over
a five year period for each projext. ‘ ‘ :

TARGET POPULATION: Ist priority — Urban underprivileged children and
_young adults, 2nd priority —~ Other low income, jobless who need vocational
training. 3rd priority ~ General primary and secondary school population.

TIME PROJECTION: § years.

3. (1) Support farge scale demonstration of (‘.M feasibility—(NSF's current study ‘
with MITRE/TEXAS and illinois). Two different, competing systems will be imple.

* .mented, installed and used over a S.year period, to evaluate the feasibility of each.

Each system involves about 500 studeit consoles in elementary schools, junior
colleges, and universities. Additional plans are needed for using these facilitics, at the
end of the demonstration, for developing new CAl techniques - that is, for estab-
lishing a kind of test bed in which new ideas can be tried. =

FUNDING: NS¥, § million dollars. ‘ )
TARGET POPULATION: ‘Across the board (formal education only).
TIME PROJECTION: 1972-1977.

4. (1) A third large (critical mass) demonstration is nceded for instructionnl' use of
computers in college curriculunt. o

U. of Hlinois is developing and demonstrating the econotnic feasibility of a large-scale
system; Mitre Corporation and the U, of Texas are doing the same for a medium-scale
system. Both are dedicating the planned facility to CAl (special languages, special
termittal equipment, etc.) and pursuing new developments in hardware and software
to gain cost savings, ) C : '

‘A third project should demonstrate the feasibility ol extending general-purpose time

sharing systems for cconomical assistance with instruction in colleges (and pre-
college?). 1t may be able to succeed in some aspects where the other projects are
likely to encounter difficalties; it may produce software and curriculum which is
more immediately useable on a broad scale.

Part of the project (if it is all one project) weuld involve teleprocessing from o large
system to serve a geographical region; part would demonstrate smaller time sharing
systems readily reproduceable at new sites in a region; attention would be given to
network concepts, especially to promote exchange among users, not necessarily by
direct clectronic communication. A group of universities and colleges would be in-
volved, providing a broad base of expertise and experience. Innovation in curriculum
developnient, combined with maintaining cost levels, would be emphasized. includes
cooperation with professional societies to adapt materials for use throughout a large
region (not ty pical regional computer services — “networks” — to date),

FUNDING: $3 million; NSF.

TARGET POPULATION: To demonstrate to college administrators and other
decision makers that computing assistance can be effective and cconomical for
college students, and may be especially important for students not having
large-university leaming resources otherwise.

TIME PROJECTION: $§ yeurs, including some diffusion activities.

5. (2) Despite annual nwetings and the beginnings of a community of users of
computing, most faculty members on the fringes don't know exactly what it is like to
bring computing into the curriculum. The projeet I propose would be a ‘travelling
circus’ tliat goes from school to school, carrying terminals, plotters, mini-computers,
and data acquisition equipment, and gives a thorough and realistic demonstration of
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- how teachers actually use a computer in their courses, 2 or 3 days at cach school, 3
_or 4 faculty members, plus supporting cist in cach troupe. Two months of action,

one of planning each year,

FUNDING: Federa, professional societies—$100,000 per year,
TARGLET POPULATION: Curious teachers.
TIME PROJECTION: 3 years.

6. (3) Develop ‘a full CAl prograin for some subject, or educational level within a
subject, in order to demonstrate, if' it can be demonstrated, the intellectual and
cconomic feasibility of the techinique. It must be of the highest caliber and have
maximum. flexibility to enable the academic to see his role as an individual with
regard to the formatied curriculum. Then demonsirate the effectiveness of the CAl
package in a real environment and with something of a fishbow! atmosphere from the
perspective of bringing observers in for evaluation purposes. The package should be -
multi-media and interactive to the extent possible. The entire operation should be

completely debugged and tested before it sees the light of day and scrutiny should be

invited from the doubters. Above all, the demonstration should be significant, not
gimmicky, and use the computer only where it has a real advantage over manual
techniques.

- FUNDING: 1) The Federal govemment - after all, ivl's only a prototype of an

cducational SST,
2) Foundations. :
3) A consortium of industrial grants,

TARGET POPULATlON: Academic peer grdup, school adm'inislr:ilors,‘lcgiﬁ-
lators, . .

TIME PROJECTION: § years.

7. (5) Set up a cooperative project involving a community college system (Dade
County, Fla., and St. Louis are good possibilities) and a major commercial producer
of educational materials, with professional collaboration of retained outside experts,
to develop, test, and demonstrate a remedial course in English. This is a basic and
nearly universal need. Many community colleges und other open-enroilinent public
institutions are frustrated in many aspects of their educational program by the inade-
quate reading comprehension, writing, and oral skills of their students, Correcting
this is a first objective of nearly all such institutions. They are very receptive to new
approaches. Because they do not recognize remedial Euglish as a jok they ought to
have to do or want to do, there is no vested interest in existing methads. Any staff
now engaged in remedial English instruction would be glad to be relieyed to go on to
more advanced work. There is relatively little cake of custom to be braken. And
community colieges are expanding rather than contracting and usually hi a position
to spend money for promising innovative systems and materials,

Morcover, this is a tield in which computer-assisted instruction seems to offer ung:zud
promise. Hence the project combines social need, market responsiveness, teacher
acceptance, and probable operational success.

The project would design a course, prepare the programs and materials, including
related conventional print and audio-visuals for follow-up and reinforcement, and test
and refine them through two academic years. As success is achieved, in the second
and third academic years the program could be:ome a demonstration center in which
the methods and materials could be studied for adoption or adaptation elsewhere and
for guides as to techniques for programs in other disciplines or at other levels,

Once the program had reached an appropriate and tested level of development, the
participating educational materials publisher would be responsible for putting it into
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final marketable form, producing it, and warketing it to community colleges, other

- open-enrollment institutions with comparable problemis, und high schools. A part of

the project, however, would be short, intensive teacher-training institutes to prepare

Aaculty to use such waterials,

" This pmjul would be the most clfcclwc wcdg.e 1 can think of to produce a solid and
_aceepted success from which we could build out in a variety of directions.

l-'UNDlNG: Fedcml grant (to community college system) and contract (with
publlshcr) of approximately $750,000 to $1,000,000 plus contribution of
services and facilities by the community college system and substantial invest-
ment by the publisher.

TARGET POPULATION: Commumly college entrants and lng,h school
students in nced of renedial English,

TIME PROJECTION: Two years for development, one for demonstration .md
production, one year or two for assistance m dissemiination through funded
lcacher lmming msmutu

8. (6) Let’s assume we can cosl-juslify one modest computer in a fairssized high
school or college. Let's get as much payrolt/inventory on it as we can; tet's tie it into

._vocational ed. and science ed. for demonstration purposes. Now let's design (a) a

cheap time-sharing system for it, (b) use plasma display terminals, (c) get a team to
design materials around this cost/capability constraint-set. For example, this means a

.limited number of terminals, used in shifts, perhaps with night school use as well,

probably just one room with terminals, like the calculator room; probably students
could be trained to do almost all servicing (vocational ed.). The big goal would be to

increase efficiency. To do this we first need a very careful analysis of exactly what -

the computer can ‘do that a progmmmcd text can't do as wcll or ncnrly—.ns-w;ll-for—
less.

9. (7) Organize a national effort to create two or three alternative CAl programs
aimed at the correction of reading deficiencies in elementary school children, Arrange
for large-scale geographically dispersed trials of the course under teachers who have
attended summer institutes on the course, Measure the time required by cach student
fo attain a specified performance level, and compare that time with conventional
course duration. Assemble complete cost-effectiveness data.

FUNDING: U.S. Office of Education; private foundations. $2 to 5 miltion.

TARGET POPULATION: Elementary school children with reading dif-
ficulties, especially in urban minorities.

TIME PROJECTION: Planning study (1 year), course development and
teacher training (2 years), and trials (2 years) = total of 5 years.

10. (8) Support a special experimental demonstration program relating to the
US.OE, Right to Read program, and centeting on the lack of functional literacy
skills possessed by many inner-city, young adults between the ages of 16 and 25, A
new Computer-Assisted, -Based, and -Managed Adult Education Success in Reading
Program based on innovative hardware, newly-funded software development, and
proven multi-media and learning psychology would be appropriate.

FUNDING: U.S.O.E.: $5 million funding for 3-year program.

TARGET POPULATION: The remedial open-enrollment city university
group, plus Regional Opportunity Career Development Centers.

TIME PROJECTION: 1972-1974.
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11. (9) The objective of this plan is to develop a computer-managed system for
instruction in mathematics, grades 7-12. A school system would be identificd and
asked to submit behavioral objectives in mathematics for students in courses being
taken in grade levels 7-12. The objectives would be arranged in Gagne type learning
hierarchies. Sample test items keyed to these objectives would be cither randomly
generated by the computer in Honeywell's Arithmetic Test Generator (ATG) progrim
or they would be selected from pools of test items keyed to the objectives. A diagnos-
tic and computer management system would be developed to build around these
objectives. The interface with the computer would be with optical scan card readers
located in the schools. Printed materials in quantity would be produced at a central
location and sent on to the schools by mail. As the system develops, the learning
wnaterials being used in the schools would be adapted to the system and new materials
developed where necessary. The school system should be willing to contribute hard-
ware and software for the ongoing operation of the system with the funding, of the
project being utilized primarily for development purposes. Such a project would have
a high probability of success because in the field of secondary mathematics is where
the teachers have been most receptive to CAL If a school system has an investinent in
money and faculty input into the system, there is a high probability that the program
will continue after outside funding is discontinued.

FUNDING: NSF or OE - $200,000 per year.
TARGET POPUL ATION: Secondary mathematics students.
TIME PROJECTION: Five years. v

12. (12, 26) Special education has high needs for individualized, highly effective
instruction. Also has a deficit of teaching personnel. Program would have 2 phases:

1) Development of courseware to train teachers in how to identify and prescribe for
different conditions.

2) Targeted courseware development for teaching the deaf to read and write (com-
municate in writing or typing). Would develop basie knowledge of human info-
processing in a pathological situation in which variables are exaggerated, Product

would meet tough social problems, add basic knowledge to programming for
normals.

FUNDING: Probably O.E. — $3.5 million for 4 years.

TARGET POPULATION: Special Ed. teachers and handicabpcd students,
grade 6 to adult.

TIME PROJECTION: 4 years.

13. (13) Begin with groups of high-school students who are oriented toward teach-

ing. Give them extensive opportunities to work with computers in their own instruc-
tion and also in the development of programs. Let them participate in production of
hardware. Follow up their interest and competence in their eollegiate teacher training
experience,

FUNDING: Local and Federal, with possible industry subsidy.
TARGET POPULATION: High-school students.
TIME PROJECTION: Continuing program. Approx. 6 years for each group. '

14, (14) Support a special experimental demonstration program to prepare talented
Job Corpsmen in the fundamentals of computer technology. The goal of the program
would be career preparation for jobs as machine operator, junior programmer, etc.
New, advanced coneept multi-media software would be part of the development.
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FUNDING: Department of Labor: $5 million funding for 3-year program.

TARGET POPULATION: Male and female, GED level Job Corpsmen and
Corpswonien.

TIME PROJECTION: (972-1974.

15. (15) Sclecta p:lﬁ(-prol'«:.ﬂiuh:ll subject (X-ray wechniques, police management,
assistance programs for the aged) in which the objective is the acquisition of measur- -
able performance in the student.

Organize a national effort to create a computer-assisted course in the selected subject.
Engage the assistance of experienced teachers, and obtain the support of professional
groups whom the students will serve after completion of their course.

Arvrange for large-scale geographically dispersed trials of the course under teachers
who have attended sumnier institutes on the course.

Measure the time required by cach student to attain a specified performance level,
and compare that time with conventional course duration. Asscmble complete cost-
effectiveness data.

FUNDING: U.S. Office of Education; private foundations. $2 to § million.
TARGET POPULATION: Community college and open university.

TIME PROJECTION: Planning study (I year), course development and
teacher training (2 years), and trials (2 years) = total of § years.

16. (17) For a long time I've wondered if children would learn to read faster if they
were provided with a restricted vocabulary and a set of typewriters which could
communicate by pairwise interaction, through a central switching device. Restricted
to typing messages to friends and reading friends’ replies, that is, allowed to com-
municate, but only by typing, they might learn to read very quickly (having an
incremental expansion of the allowable vocabulary). It is an experiment that could be
done relatively casily, and if it were successful, could provide a new mode of
learning to read.

FUNDING: [ don't have idcas abont funding.
TARGET POPULTION: § - 7 year olds.

TIME PROJECTION: Experiment could be carried out in a few months, once
hardware was constructed.

17. (18) Appropriate CAl, using time-shared terminals, could provide the possibility
of structured intcraction between different classrooms in the same school, or even
more important, different schools. This could be done through the use of computer-
based games in which a class in one school would challenge a class in another school.
The major problem to be overconie is the danger that pasticipation would be limited
to a few in cach class. Consequently, the games would have to be especially well-
designed, requiring contributions from every meber of the class in order for the
class to take its action on the terminal.

Such a possibility as this could provide a good teacher with great opportunities for
frecing the classroom from the constraints of the four walls and restricted interaction
that currently characterizes it.

18. (19) For scveral years, a limited use of simulation and gaming as a part of the
education process has been made. Probably the most well known simulations are the
business games uscd in business schools and industrial management training courses,
In adgition, however, simulation has been used to teach strategy to military person-
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) nel and to teach civics and foreign policy to secondary school students. Other uses
undoubtedly exist of which I ym unaware. Considerably more development is nceded
to exploit the possibility of this approach to using computers in education. It is my
belief that simulation represents the single most powerful use of the computer in
education. It is the only area of which I am aware in which the computer can provide
a depth of understanding impossible by any normal teaching method. I suggest that a
task force be established, probably under the direction of the US Office of Ednca-
tion, to establish a strategy for the development and exploitation of the use of
simulation. Results should include a list of projects which the computer industries

{ and educational researchers should be encouraged to undertake.

FUNDING: The only additional funding required would % the cost incurred
by the USOE. Therefore, projects should be funded by the participants based
upon market justification or justification as a valid edu=sional rescarch pro-
jeet,

TARGET POPULATION: Students at all levels with the greatest emphasis at |
the sccondary school level and above.

TIME PROJECTION: The strategy and planning cffort should begin im-
mediately with the comnputing industry encouraged to market resulting prod-
ucts as soon us feasible.

19. (21) Effort is needed in the “applied’ rescarch area of testing the relative effec-
tiveness of various pedagogical techniques (drill and practice, simulation, tutorial,
ete.) that are computer-based in refation to the material to be taught. Clearly dif-
ferent techniques have differing degrees of effectiveness depending on the degree of
structure inherent in the material, the material’s complexity and the like. On top of
these two factors of course there is the question of the style of the student and the
impact this has on the methods of learning that are most effective for him. The goal
of the project would be to do enough experimenting to understand the dimensions of
these three factors so we would be in a position to design the more effective CAl
systems.

FUNDING: Foundation or Gevernment — $200,000 per year for 3 years to
<ach of 10 universities,

TARGET POPULATION: University undergraduate or maste:s,
TIME PROJECTION: 3 - 4 years.

20. (22) What is essential is not to ask how CAl can become more widespread, but
what are the central problems of education now, and how can CAIl contribute to
their solution.

One central problem is the fact that elementary and secondary schools are now used
largely as custodial institutions, and this, coupled with decreasing opportunities for
responsible action outside the schools makes students far more irresponsible than
they would otherwise be. Whether CAl can contribute to the solution of this problem
(which manifests itself as “discipline problems", teacher dissatisfaction and toss of
control, and race-related disruptions in schools) is not at all clear. But an effort
should be made, because if successful, this would contribute to solution of major
school problems.

One possible direction involves the combination: of individual student-paced learning
i on CAl in which the completion of a specified task or unit is not merely followed by
: more of the same but by a different kind of activity, which would be student-
selected. Tha general idea is that when a student completes a certain amount of work
(i.e., reaches a certain achievement level), he gets the possibility of using his time
much more fully at his own discretion. He still must make his choice from among a
certain set of aetivities that contribute either (a) to his own learning; (b) to the
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school’s corporate goals; or (c) the communily’s welfare. This freedom and oppor-
tunity to act responsibly should provide the incentive to proceed rapidly in the
sclf-paced learning.

This would imply two kinds of organization of the school. In one, the 1cacher's role
is reduced to shat of monitor ané aide, to help out when and where problems arise
with self-instruction. At the sane fime, niost teachers would be teading activities of
types (b) and (c) above, cither s which contribute to the school's goal or those
which contribute to the commuuniiy’s welfare.

21. (23) There is a need for basic research into the question of how humans learn. A
project of direct operational use to those in the CAl field is the devetopment of a
modet of the learning process. If we are clear on the major variables involved in how
people learn then we have a base from which to design systents that will improve that
process. This is obviously a hard task but one that may be tractabie if we view it from
the standpoint of a learning model to give us insight inte ihe uses of CAl, rather than
a completely general purpose model.

FUNDING: Foundation or Govemnment — $500.000 to $1,000.000 per year
for 5 years to 3 or 4 universities.

TARGET POPULATION: -
TIME PROJECTION: § - 6 years.

22. (24) 1) To conduct research on basic problems relating to the generation of
instructional materials and tests by a computer with mininal input demands on the
author; 2) to relate these findings directly to the development of courses and arcas in
which the effectiveness of the materials can be evaluated; and 3) (o conduct a
cost-benefits analysis of the results.

To illustrate the approach assume that the objective to be achieved by a lesson was to
teach a vocabulary (technical or foreign). The author would be required 10 input his
data base — the terms and definitions - and a set of parameters defining thc form of
presentation and conditions of leaming. E.g., dropout procedure, correction (limit 3),
80% criterion (no misspellings), 12 word lists. The system would operate on his
database and produce a CAl program as specified without further work by the author
and without the need to *‘debug.” Gagne's cight types of learning tasks would be
used to provide the taxonomy used in developing each of a set of eight generators,
one per type of learning. Each generator would allow the author dptions and, where
data permitted it, the options would be selected for inclusion on the basis of data
reported in the rescarch literature, Other aids would provide “‘readibility” analyses of
text so materials would be graded for difficulty and guides to authors so they could
teduce the level of difficulty to fit the targeted students. Tests would be generatert
from text. '

FUNDING: NSF or USOE, $175,000 to $200,000 for § years.

TARGET POPULATION: Health sciences and teachers in the health sciesiecs,
including paraprofessionals,

TIME PROJECTION: Five years. Each of the three efforts — lesson genciator,
analytical tools, and test generator — would be developed concurrently but
not at the same rate. Each, in order indicated, would be completed in a cycle
for cach of the eight types of learning before the next set was developed. Cost
benefit analysis would be performed upon the completion of a set of lessons
involving cach of the cight types of learning. Two types of learning would be
completed in cach of the first 3 years and the last two types of learning would
each be completed in the fourth and fifth years, respectively.

23, (29) Students and administrators have demonstrated considerable intetest and
acceptance of CAI; teacher interest and follow-through is low. There is nced for
intensive teacher training,
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i#) as part of preparation — on an optional basis,

%) in-service training,

The NSEF model of summer workshops would probably be most effective. but short
term school system sponsored cousses could he just as effective and would demon-
strate (to the teacher) the system’s interest in CAl work in classroom.

FUNDING: Summer programs — probably state of national — (NSF).

TARGET POPULATION: Classroom teachers — minimum of two per partici-
pating school (not system) building.

TIME PROJECTION: Could and should be started now and continue with a
series of programs moving into advanced. Could effect students within a year
as teachers and trainers.

24. (30, 88) Attempting to work with individual schools on an experimental basis
(with or without government subsidies) to reassure teachers, learn their true concerns
and meet them would be proniising. Perhaps this has already been done. A few
striking positive demonstrations of meetifig tcacher and institutional resistance ought

to be most worthwhile.

25. (31) Establish a series of in-school demonstrations — training centers throughout
the country. The centers would be two-purpose: 1) practical demonstration of effec-
tive CAl with clementary and secondary school students, 2) training centers for
teachers from other schools who could sce practical application of the techniques
they are expected to learn and take back to their own schools. I would favor training
a team (teachers and administrators from a school or school system). :

FUNDING: Demonstration centers would fequire national funding but could
possibly charge tuition for team training,

TARGET POPULAT#)IN: a) teachers and administrators for training. b)
general public §n ¢:riiis of publicity for effective programs.

TIME PROJECTION: | year to establish (cffect & upgrade) demonstration
centers. Programs could then be continuous.

26. (36) Fund a project which would place a small computer at the disposal of a
single clementary school. A program of individualized instruction would be instituted
throughout the entire school. The computer would be employed to assist in helping
the school implement the open, individualized setting. It would be concerned with
branch testing for diagnostic and assessment purposes, with management information
for the students and tcachers, for making instzuctional decisions on the next steps to
take, and would also be used for instructionat imrpodes alongside standard teaching.
This project would show the intensive use ¢f a (omputer in a total school effort to
redesign education.

FUNDING: $500,000 a yit.

TARGET POPULATION: Fitpiediary whinnls,

TIME PROJECTION: Six yxzzs,
27. (36, 37, 38) The design, testing and evaluation of an effective, practical and
economically viable educational system on a prototype basis should be undertaken
and financed by the Federal government — with congressional approval and a long

term commitment to its successful completion. 1 would assume the cost of such a
program at approximately $100,000,000 and the time required as S years.

28. (36, 37, 38) CAI cannot be demonstrated in & traditional school setting because
no school is organized in ways which permit evaluation of the characteristics of CAl
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All of the aperational characteristics of CAl which are cost effective outside of the
educational setting turn out to be irrelevant in schools, The detsils to support this
position are found in two very important articles: Randall & Blaschke “Educational
Technology: Lconomics, Managenient and Public Policy,” Educational Technology,
June 30, 1968; pp. 5-13, and Kopstein “Why CAl Must Fail!™, Educational Tech-
nology, March, 1970; pp. 51-53,

H these descriptions of the situation are accurate, then any further “demonstrations™
of CAl in schools are pointless. Instead, we should be experimienting with our ability
to organize and administer schools so that the characteristics of CAl can be meg-
sured. This would require designing a school from the ground up. It would entail
developing an enomious body of curriculum before the first class could enter. The

operation of such a new school would include the following features:

1) Each student would progress through the school as a function of the courses he
completes regardless of the time he requires to do so.

2) Every course taught in the school will include some CAl elenients, although the
ratio to other course activities will vary widely from course to course.

3) LEach course grade will depend at least partially on student performince on the
CAl clements. There will be absolutely no pressures to grade on a curve for fear of
*. .. giving too many A's,”

29. (39) I just don't havé a “master plan™ for launching CAI to the benefit of 55
million students, Indeed, I don't even have a feeling for how much money would be
nceded to demonstrate that CAl could be a cost-effective means of educating many
of these people.

My fear is that CAL like the moving picture, the radio, and television, will ascend like
a rocket, burn out, and descend (o carth — just another device that held such carly
promise for better learning but could never work its way into the American school-
house and into the knbits of the American teacher.

Let’s face facts: Tei: .17 possess the territory. Any device that suggests technological
unempioyment, = :sriously alters professional practice, will encounter well-meaning
fiostility. Rcr:‘i‘t_ 4 will improve in proportion to the extent that the teacher's
capability }: enlirged. Té dccomplish this the role of the teacher has to be changed
aud Zdueatiil, usiike Ousingss and industry, hasn't the resources and sometimes the
inclination te: fetrain its seople in any fundamental way.

Assuming that CAl <an extend the teacher and increase his productivity, it is unfor-
tunate that the costs of’ whatever is new become add-on costs, not trade-off costs.
This is the dilemm2 and it may take years to switch from add-on to trade-off. In the
long run, though; $}:1{ is the hope, CAl must await the rcorganization of education
itself before a sabstantial market can be secured. Asa target for carly entry, | would
gwess that the American home will be a better market than the American school.

If I were pressed to designate what sector of education would be most responsive, |
would say “the new towns.” Over 200 new towns are how in some stage of planning
or construction in this country. These new towns frequently have no history, no
constitueney, and no established ways, They are free (o strike out on their own to
teach their people — not just children — in more effective ways. A demonstration
niounted in a new town can have credibility among the 17,000 school districts that,
though autonomous, nevertheless desice to catch up with the state of the art once
somebody has demonstrated it.

Forget the big cities — unless Federal funding is assured and sustained. Forget
suburbia — they have enough money to buy the best teachers and run the smallest
classes. Forget the hustings, for they are so close to marginal survival that any
expenditure beyond textbooks and band uniforms is politically beyond their grasp,
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The new towns though are reaching for bettcr ways. In this setting. CAl has a chance
to prove itself, especially if the learners are persons of all ages wherever they may be,
and not just children locked for a few years in something called a schoolhouse,

llistorically; education is a receiver, not an initiator of invention, With the coming of
CATV and other ways of floating information from peopié who have i to people
who want it, the prospects of CAl improve. And as homes and businesses and people
generally come to profit froin CAl, the chances increase that CAl can get through the
schoolhouse door.

Nothing in the above should be construed as placing the blame solely on education
and educators. There is enough blame for everybody.

30. (41) Techniques for leasing or joint use by school groups n'lighl aid in reducing
costs and providing adequate tests as to “‘cost effectiveness.”

3L. (48) Set up four or so regional centers in universitics in diffcrent parts of the
country. Each location should have 1) a timesharing system or systems available for
large scale student use. 2) philosophy that encourages such use, 3) faculty members
with strong discipline oriented backgrounds who have already begun to use com-
puters in teaching and leaming situations. Faculty, local and visiting, should be
attached to the center for periods runging from 6 months to 2 years, first developing
materials (with no restrictions as to the type and amount of computer usage) {or
innovative approaches to their areas, and then using these in full classes and revising
them based on this usage. Emphasis should be on miodules usable in or out of
ordinary classes, looking toward such concepts as the open university. Prozramming
support, etc. would be provided, but the primary function would be to develop
discipline oriented teaching materials rather than software. Each schuol should have
an available general purpose computer, different in school to school. At least one of
the groups should be oriented toward graphic terminals. Five year life, about 6
faculty members per location. Several national meetings each year involving all
centers.

FUNDING: $200,000 for personnel, cacllv location, each year, plus $30,000
for computer time and $50,000 for travel, etc. $280,000 x 4 centers x 5 years
= about $6 million. Federal funding—0.E. and NSF.

TARGET POPULATION: Colleges, universities.
TIME PROJECTION: Five years.

32. (49) Set up training laboratories, possibly run jointly by teacher training institu-
tions and textbook publishers (or the CAl equivalent), for authors and supporting
technical cams.

FUNDING: Public and private, with industry subsidy.
TARGET POPULATION: -
TIME PROJECTION: Continuing.

33. (50) Establish a number of discipline-oriented centers for production of course
materials that support the use of computing within the curriculum. Authors would
come to the centers to work full time on production of materials. Centers would give
editorial and programming assistance, salary, expenses. Centers would publish, adver-
tise, distribute completed monographs, books, programs, etc. Centers would organize
travelling circuses to take materials to schools and show them off. Centers would host
training institutes for interested faculty.

FUNDING: $300,000 per year per center. Sources ~ mixture of Federal,
professional societies, comme=cial publishers,
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TARGET POPULATION: Teachers who decide coitrse conteni and curricul
at their institutions. ’

TIME PROJECTION: 3 - 5 yeurs duration, starting now.

34, (51) Subsidize disciplinc-based groupings to develop curricular materials eni-
p!oyinz\thc vidnputer extensively, but not exclusively. Begin with lower division
courses 5n iopius wath large demands and high computer relevance; e.g., economnics,
business, enginéering, conputing, modern languages. Requite that materials be devels
oped in a'way that enables wide-scule distribution. (Rely on activity described under
action pl:u\ 11 to provide meuns of distribution-#22.) Arrange for royalty payments
and credit {o individual authors.

TARGET POPULATION: Lower-division college students.

FUND,\l NG: NSF, OE. NIE (when authorized): $1 million/year per subject. . ‘
TIME PROJECTION: 3 -5 years. 1
35. (51) 1 would procced on two fronts. 1) The developinent of discipline task
forces, or educational level task forces that would develop a CAl prototype in i
particular field of work and proceed to demonstrate to their colleagues around the
country the quality and feasibility of the endcavor. In short, build a better shousetrap
and proselytize. This requires institutional cooperation und brownie-point fécugiii-
tion and probably must be donec on an inter-institutional basis. 2) Seck general
recognition of the priority status needed for the application of technulogy to educi
tion. Make quality education a national goal ~ like going to the moon.
e ASRATVN T e
FUNDING: Massive federal and foundation support perhaps coupled witit ta)
incentives or other forms of subsidy.

TARGET POPULATION: Academic peer group for cach taskforce.
TIME PROJECTION: 4 - 8 years.

36. (51) Support multi-disciplinary applications of the computer (arcas such as so-
cial studies, science, business, industrial arts, mathematics). A team consisting of
computer specialists, simulation specialists, and educators wouid work with master
teachers to identify areas where the computer can be effectively used within the
curriculum of. the present and foresceable future. Simulations and other activities
would be developed that could easily be implemented to expand student horizons

FUNDING: NSF or OE — $200,000 per year.
TARGET POPULATION: All sccondary students.
TIME PROJECTION: Five years.

37, (53, 61, 62) Establish incentives (and supporting procedures and resources) for
more cffective development, documentation and exchange of computer-related learn-
ing materials, ' :

Establish standards for documentation (including validation).

Develop guidelines for developinent, testing, revision, exchange (e.g., using someone
else’s materials, perhaps with modifications).

Establish procedures for obtaining credit for inaterials development (clearinghouse,
national index, reviewing procedures for professional journals, classification, etc.)
with special attention to encouraging improvements in materials (a step up a ladder
indicating quality and usefulness, reflecting academic records and opportunities for
econoniic recompense).
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Mak:e it casy for one to find out about available materials (at different levels.of tested
usefulness), to try them ont, to adapt them for local use, and to report results back into
t!nc clearinghouse data bank.

Fzad the information and procedures of this national incentives system into the
training programs, both in-service institutes and regular academic programs (including
programs for teaching fellows in universities).

FUNDING: NSI* and OE, $500,000 over three years.

TARGET POPULATION: Authors and users of computer-related curricutum
materials.

TIME PROJECTION: Some small and favorable influence in fijtst two vears,
beginning to show results in third year. Clearinghouse should become self-
supporting, and standards and guidellnes maintained by committees associated
with professional societies and accreditation institutions, but some follow-on
funding may be nceded to carry forward effectively for a few years.

38. (54) To produce a thorough revision of the content of education is a major
intellectual undertaking. It will happen — and indeed, in a sinall way is happening.
But its rate of progress will depend unpredictably on its ability to fire the imagina-
tion of crea.ive, energetic people. Unfortunately this is not happening except in a
desultory fashion. “C.A.1." as an area of intellectual ¢ndecavor has a public image of
drabness and mediocrity. This is certainly a most important factor responsible for
inhibiting the widespread use of computers in education. 1 believe that the most
effective action that could be taken now is to create conditions for research that will
stand some chance (there can be no guarantee!) of competing with the more “glamor-
ous” areas of intellectual endeuvor for people of the highest caliber.

An example of a practical step in this direction is creating a research institute (or
several!) with facilities for several experiments on the scale of providing groups of
children with unlimited aceess to computers over a period of several years, of freely
experimenting with new computer controlled devices, of being able to set up teams
of trained observers to track the progress of individual children, and so on. It is
important that such an institute be able to separate the pursuit of fundamental
knowledge from the economic and practical problems of applying the outconie of its
research on a large scale. It is inportant that it have the means to attract visiting
scholars, graduate students and, of course, its own faculty. To do this would cost
between seven and ten million dollars for the first five years, which 1 see as the
minimum viable period fix guaranteed support.

1 strongly suggest that the EDUCOM study should propose the creation of 1 or 2
such institutes, and should immediately concentrate on sponsoring the production of
several detailed proposals for discussion.

39. (54,55.66) Establish an lritcidiseiptinary Center for Educational Dievelopment
and Change in which CAI would be used in its own instructional programs (extensive-
ly but not exclusively) and with sywcial emphasis given to the use of compu ter-based
systems as instrumeits for change in curriculum, the role of the staff (especially the
teachers) and in the assessment of individual development. The three training pro-
grams would be: (1) team training of interdisciplinary teams in the complete develop-
ment cycle (planning through summative evaluatiun) for instructional program devel-
opment; (2) individual training of managers of development and delivery systems for
instructional applications; and (3) individual training of evaluators and researchers in
the cvaluation process from plansing (o summative evaluation, including testing and
data processing, not only for personnel evaluation but also for cost-benefit analysis of
systems and approaches. All three programs would be run concurrently and would
continue throughout each year. While each would have its own primary staff, some
personnel would be shared to achieve cconomics. Administration of the center would
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be in the Division of Educational Research and Dgvelopinent, SUNY at Stony Brook,
which, among other administrative units, has an IRC (Instructional Resources Center)
for materials development and with its dedicated CAlL system, a Center for Continn-
ing Education which offers courses at the graduate level to the comnwnity, and a
Department of Education. Harvard case study approach would be used extensively.

FUNDING: USOE Personnel Development and US Public Health, Manpower.
$200.000 per year for 24 students (8 per program).

TIME PROJECTION: Seven years with 24 the first year and mudest incre-
ments in the numbers in succeeding years resulting in trainitg approxinutely
175 people at the masters level and approximately 20 in all three programs for
doctoral level which also would include u dissertation. Since only 3 to 5§ would
recycle frem each graduating class, there would be approximatcly 20 people
available for employment each year,

40. (56) There is abundant evidence that CAl in its various forins can effectively con-
tribute to college, post-graduate and professional education. In institutions of higher
education. failure to conduct more broadly significant and effective CAl innovations
lus been in considerable part due to lack of faculty incentive. This lack of incentive
results from a viriety of factors and is evidenced in many aspects of faculty endeavor.

1) Lack of reward. Most of the lack of progress in educational innovation and
improvement results from this cause. In contemporary academia, the faculty com-
prising the major universities receive very little professional, economic, carées, or
personal status reward for teaching; particularly undergraduate teaching: Paspite

. virtuous — and entirely sincese — declarations on the pari of both the facuity and
the administration to increase the valuation of teaching in appointnient azd pro-
motion procedures, little revision actually occurs. Inertia and difficulty of objwi-
tive evaluation are of small significance in explaining this failure compared to thi¢
national ambience within the academic community which decrees that rescarch
and scholarly activity recognized on an international scale are the only significant
indices of professional success. Until this generally pervasive value system is mod-
ified, no single institution, however prestigious, can by decree greatly redirect the
activities of its faculty.

2) Lack of knowledge. Most of the faculty comprising the major universilies are
professional scholars, but amateur teachers. They have had nb education in the
field of education except the experience of their own education. Furtherniore,
they generally — and not without some justification — disdain the organized
discipline of *“Education” as represented by traditional Schools of Education.
Most faculty tend to perpetuite the historical techniques apd intuitive convistions
characteristic of their own education because they are largely unaware of that
body of knowledge from which they could rationally design more effeciive and
efficient educational programs.

An example of one of the more defeating convictions among some faculty is the
belief in the essential mysticism of the educational process; that a mysterious
effluvium flows from the teacher to the student through which the student ac-
quires the most significant elements of his education. This effluvium can, appar-
ently, only be transmitted through air and across shiort distances. 1t is blocked by
any mechanical or eleclzonic contrivance and also is destroyed by any attenipt to
analyze the student’s educational goals and needs in terms of his eventual role in
society. This concept inhibits more rutional attempts to define educational goals
in operational terms, and prepare programs and tests to accomplish these goals
most effectively and efficiently.

3) Lack of leadership. Since very few rewards accrue to the full time dedicated
undergraduate teacher, creative, charismatic leadership does not arise. In addition,
it is a cherished conviction among most faculty that each is equally expert in the
educational process; or at least that each must be allowed to pursue his individu-
al convictions toward the instructional process.
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Nevertheless, the faculties of the nhation's universities comprise a primary resource of
expertise necessary for the development of CAL, and the universities themselves are
fertile sites for testing various types of CAl programs. Universities often have primary
and secondary level *'laboratory schools™ associated with their depastments of Edu-
cation in addition to their college, graduate and professional academic programs.
Many universities already have sizeable comput:r facilities and large numbers of
personnel skilled in all aspects of computer use and design. The primary need is to
engage a sufficient number of appropriate faculty in CAl development as a fiest
priority task. With a few notable exceptions CAl experiments within universities have
been desultory and disappointing, due to general faculty apathy and lack of reward.

To modify this situation will be difficult, but | propose that Federai grants be made

available to universities - not to individual faculty members — for CAl research and

development and that their use be rigorously subject to the following requiremsats:

1) First priority commitnient of an interdisciplinary group of faculty to project.
Grant should provide salary support for these faculty and require full time com-
mitment (with full time salary support) from principals.

2) Guaranie¢ fiom the University that the faculty involved in this project will have
their project related work evaluated for promotion as equivaient to scholarly
contributions in a conventional discipline.

FUNDING: Grant ainounts would vary according to project, but to insure a
sufficient magnitude of commitment, $500,000 per year for a period of three
to five years should not be considered excessive.

TARGET POPULATION: Varies with project from primary and secondary
level to professional.

TIME PROJECTION: Varies with project up to five years.

41. (63,64) Experiment with and refine the technological capabilities of the three
computer system approaches that offer a chance of promoting inter-cainpus exchange
of instructional materials: ‘

1) centralized time-sharing systems

2) decentralized minicomputers with cassetie programs

3) networks with 2) as terminals communicating as access with 1).

Emphasize the requirements for exchangeability of materials!

FUNDING: NSF, State HE Authorities, OE, National Institute of Education
(if authorized). $1-10 million for development. Some operating subsidies, but
1nost costs should be covered by schools.

TARGET POPULATION: Higher education.
TIME PROJECTION: 2 - 5 years.

42. (67) I do not think the evidence warrants any actions to further the growth of
CAl

43. (67) WAIT. DO NOTHING. Institutions which sce a need will proceed if they
can find a way. Let them compete for funds that are not carmarked for CAl. Where
problems are soluble they will merit investment and will get it. There are too many
uncontrollable forces at work. — too many proven educational projects and products
which deserve funding ahead of CAl :

44 (71) AN too often rescarch and development work in CAl has failed to distin-
guish between two basic issues: the first is adapting the computer to the nceds of
education and, second, improving educational processes, now possible through the
use of computers. Unfortunately, the first issue has often been overlooked in favor of
the seccond. We have attempted to address the issue by saying, “now that we have the
computer, we can save education.” This is definitely not a realistic approach. Early
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uses of the computer in other industries altered the process of those industries at
most only slightly, Only after a great deat of experience with computers existed and
after wany processes were implemiented on a wide scale with computers, were basic
changes instituted. A good example is the banking industry. Even today after a
dccade and a half of the use of computers on a wide scate, demand deposit acconnt-
ing, still remains much the same, with the checkless and cashless society remaining a
futuristic idea. The analogy in education snggests that we are guilty of trying to
implement the cashless and checkless society rather than first simply trying to adapt
the computer to the needs of education as we now know it. Emphasis, therefore,
should be placed upon accepting the various aspects of education as they now are,
and using the computer to improve the present processes. Where the computer can be
used as an aid to the teacher or administrator, this should be explored. If drill and
practice can be done by a computer in a way that directly aids the current process,
this should be explored. In short, I suggest that emphasis be placed upon aceepting
pedagogy as it is today and npon using the computer to aid the present processes
rather than emphasizing the redesigning of education so that it will best fit the
computer,

45. (73) One of the basic problems with the acceptance of CAI on a wide scale in
edncation is that CAl systems to date have largely been designed for a relatively small
number of students or tor research purposes or both. t is now necessary that a
“production ontlook™ be adopted. That is, research and development should concen-
trate on serving the needs of a large mnmber of students with much more efficient
systems. This must be done even if some flexibility is sacrificed. Educational re-
searchers tend to concentrate on pedagogy and veiy careful evaluation of educational
approach. Much of this work has been done and documiented as it relates to CAl, On
the other hand, very little work has been done with those in education that have the
**proditetion” education problem. Emphasis, therefore, shonld be placed upon relat-
ing future developnent activity directly to the problems of the “*production™ educa-
tor. Supcrintendents of schools of large cities and administrators of community col-
leges are both good examples of individuals with “production™ education problews,

FUNDING: Since what is being recommended heie is s toatter of emphasis
rather than specific projects. there is little or no funding requicnd. 1délly, this
einphasis should be placed npon the educational commnnity hy the US Com-
missioner of Education, This emphasis can be supplemented by reports in
educational jonrnals, and other pnblications.

TARGLT POPULATION: Educators, educational publishers, and those iit-
volved with educational applications in the computing industry.

TIME PROJECTION: Immediately with period reinforcement in the fatsz,

46. (76) Any attempt to program for tutorial or dialogue CAl quickly runs into the

difficulties of processing students inputs — responses or questions — exyrsed ki

natural language, Ideally, the CAl course author should be able to pose a gtiestion ie |
the student, specify a model answer, und instruct the processor to acsept & correct
that answer, or any answer whose meaning is the same, What is needed is ithe develop-
ment of a program which will perform this semantic analysis and provide the CAl |
processor with the result,

While this is a formidable requirement, the implementation of any approximation to
it would constitute a significant breakthrough for CAL It would allow us for the first
time to lift the various artificial restrictions on student inputs which only degrade the
teaching cffectiveness, and limit the scope, of CAI programs,

FUNDING: On this and the time projection, an expert in linguistic analysis |
should be consulted. Bernard Spolsky, Indiana University, was deep into this
prohlem in 1965, and could provide a far more accurate projection.

TARGET POPULATION: Not too critical; 8th grade or over.
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47. (76) A general program of grant support is needed for development of CAl
techniques, cspccially those dcvoted to providing more latitude for the student.
Proposals would be evaluated in typical fashion. The emphasis would be on
enhancing the capabilities of the computer (which has often been called artifical
intelligence, an awkward term).

FUNDING: NSF’ Office of Coniputer Activities — Initially % million pcr year.

TARGET POPULATION: Applicants would probably be from universitics and
rescarch laboratories.

TIME PROJECTION: Indefinite — 10 years at least.

48. (77) A number of recent studies have began (o yield results in CMI. Here instead
of the computer directly interacting with the student, the computer is used as an aid
1o the teacher, usually in the normal teaching process. Scveral computer guidance
counsclling systems have been designed and are operating, More than 20 differcnt
unrelfated efforts are underway experimenting with the use of data banks. These data
banks contain tcst quertions or lesson planning material or, simply, resources. In the
use of test question data banks, for example, quite elaborate systems have been
designed to enable the fully automatic preparation of tests, the grading of these tests
and the maintcnance of statistical results. Our primaty interest in all of these
examples is the fact that the cost per student is much lower than is true in tutorial
and drill and practice CAL In some cases, the cost difference is as much as two orders
of magnitude. A task force should be established, probably by the US Office of
Education, to develop a strategy for the thorough exploration and devclopment of
CMI applications and to coordinate the implementation of this strategy.

FUNDING: Funding for these projects should continue o be the responsi-
bility of those undertaking them. This is true of both industrial and
educational institutions. Where joint studies are desired, each participant
should fund his own portion of the effort. The stralegy task force and
coordin2tion effort recommended above should probably be the responsiblity

TARGET POPULATION: Since, by definition, Computer Managed Instruc-
tion is designed to aid teachers, the target population is teachers and
instructors at all levels of education.

TIME PROJECTION: The strategy and coordination effort proposed above
should be begun immediately. By the end of its first year, it should have
succeeded in identifying existing projects and recommending new projects to
cover the wide rangs of computer applications possible. Since cost constraints
are 50 much less severé than in most of today’s CAl applications, it is my
belief that the market exists now for CMI applications.

49. (78.,79,81) Organize project tb dcvelop one or several cducationally oriented

terminals: -

1) As inexpensive a terminal s possible—using existing technology and production
wherever possible, planning on the basis of large-scale use in the future.

2) General purpose terminals, for use of existing general purpose computers — 8 bit
code, ASCII, etc.

3) Many options — graphics, slides, audio, tablets.

4) Variable character set, controllable in program. Every area has its own symbolic

requirements. Authors should be able t¢ use ¢y characters needed for natural
presentation of material,

5) Hardcopy options forgroups of gruphic terminals,

6) Great attention given to physical desitn of terminal and associated environment
to make it as effective as possible in thie tcachiig situation. Use very competent
industrial designers with long-range interest in design/education interaction, such
as Charles Eames. Should include design of rooms for groups of terminals and
associated devices, such as hard copy.
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Design team should involve industrial designers, innovative engineers, teachers,
students, use market analysis techniques to test preliminary designs with a wide range
of «{udents.

distributors.
TARGET POPULATION: All educatinnal wsers.

|
|
|
IFUNDING: Try to obtain subport frcin a group of vendors — manufacturers, ‘
TIME PROJECTION: Five years. ‘
50. (78) Many, if not most, computer assisted instruction programs actually utilize

only a tiny fraction of the capacity of the central computers by which they are

serviced, which involves wasted expense. If there werc available access to an adequate

data bank and encoded programs in other formis, an cxtremely simple digital

computer could perform the necessary operations in receiving and interpreting the

student’s responses and in sclecting for display or other transmission the next

instructional unit or sequence. It might be possible to build such a litnited computer

capacity into a self-contained terminal having both CRT and keyboard facilities, and

provide access to a data bank by contimous retransmission of the data banks content

by cable. The total content of an adequately large data bank could be circulated

dozens of times a minute by cable, so that the computer unit in the terminal could

select the needed elements almost instantly.

This is beyond my expestise, but I am told that such a terminal and system are
theoretically quite practicable, If they could be devcloped, it would permit CAl uses
in institutions without :ccess to expensive central computer installations and would
greatly increase the range and flexibility of the techniques.

The project would be a research contract by the Federal Office of Education with a
firmi competent to design, create, and test the proposed hardware and system.

FUNDING: Federal. 1 am not in a position to make an informal judgment as
to amount, but | would guess for rescarch development, and testing expenses
through the production of a working prototype it would be on the order of
$500,000.

TARGET POPULATION: General.
TIME PROJECTION: Three years.

SL. (80) The combination of cable TV plus time-sharing computers plus specially
designed terminals has already been demonstrated to be cost-effective. The work is,
however, so far only in its beginning stages of development. Several R & D efforts
should be studied to design the best combination of equipment for both institutional
and home use. An appropriate team might consist of a computer specialist, a
communication technologist, a systems engineer, and an cducational expert.

FUNDING: Office of Education, NSF — $1,000,000 for up to four beginning
efforts.

TARGET POPULATION: -
TIME PROJECTION: 1 - 5 years.

52. (82,83) Scveral researchi and development projects should be established aimed
at the possible redesign of drill and practice and tutorial CALl Projects should
: include:
: I) Thorough systems analysis of CAl as it might apply to lasge numbers of students
; without completely altering today's education .systems. Emphasis should be
placed upon minimizing system cost if necessary at the expense of flexibility and
acded function.
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2) The design of those special computer terminal features required by education and
more or less unique to education. These include random access audio capability
for use in teaching reading and languages and computer controlled video cassette
capability to lower the cost of storing and presenting large quantities of
educational material.

3) A task force made up of representatives of the computer industry, the publishing
industry, and education should be convened to address the materials of
instruction problem. This effort should be coordinated with the redesign of CAl
outlined above and should be charged with determining responsibilities of each of

the (three institutions represented in successfully making available quality
materials of instruction,

T

FUNDING: Funding and staffing of the above projects . should be the
responsibility of those who sce them as justifiable on a business basis. Projects
which relate to the computer industry should be staffed and funded by
companies involved. Educational participation will probably only be justified
by larger school institutions, educational research centers and universities.
Leadership and coordination should be provided by the US Office of
Education. Where joint studies between companies and educational institu-
tions are warranted, they should be encouraged. But in such joint studies, each
participant should fund his own expenses. Special subsidies will only serve to
produce unrealistic results from a business viewpoint.

TARGET POPULATION: While the broad spectrum of all students is included
in the target population here, this can be narrowed to only elemientary schools
if desired. [t is my belief that if the CAl problem can be solved for elementazry
schools (particularly from the standpoint of cost) the solution is easily
adaptable to the rest of education.

TIME PROJECTION: The projects outlined above will typically require one to
two years to reach conclusion. The modifications to CAl should be planned to
meet the cost constraints expected i 2ducation in the 1975-80 timeframe.

53. (83) Very necessary for work in elementary schools are inexpensive, versatile
consoles (student stations). An intensive effort should be undertaken to design a
commercially feasible random access to audio and visual displays. In elementary
schools, the storage capacity need not be very great; but inexpensive access 10 a
limited set of displays would be highly desirable.’

FUNDING: Industry — $75,000 a year for three years,
TARGET POPULATION: Elementary schools.
TIME PROJECTION: Three years.
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Appendix 5
Action Statements

Following are the 83 action statements compiled for the conference from the
questionnaire data, plus the additional statements which were suggested and included
for consideration during the conference.

1. Large-scale Demo
Mount a large-scale experiment to Jemonstrate the economic feasibility of CAl.
2. Mobile Demo

Institute a mobile demonstration that could travel from school to school, carrying
terminals, plotters, minicomputers, and data acquisition equipment, and provide
thorough and realistic demonstrations of how teachers use computers in their
courses.

3. Labs as Showcases

Use existing facilities and labs not only to implement CAI ideas but also as showcases
for demonstrating successful CAl techniques.

4. Demo — Non-educational Sector

Demonstrate the efficacy of a large-scale CAl system in the military, governmental,
or private sector to ease its acceptance into the educational community,

5. Cooperative Project -
Implement a cooperative project involving a community college system and a major

commercial producer of educational materials to develop, test, and demonstrate a
remedial course in English,

6. Adijunct Systems

Concentrate on development of adjunct CAl systems in limited areas of concern, e.g,,
science laboratory work, rather than main-line general systems.

7. Reading — Elementary School

Organize a national effort to create two or three alternative CAI programs aimed at
the correction of reading deficiencies in elementary school children.

8. Reading — Young Adults

Implement a reading improvement program for young adults that could be run as a
remedial, open-enroliment city university program. ‘ :
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9. Remedial Math

Develop a computer-managed system of instruction in remedial mathematics for
grades 7-12,

10. Disadvantaged

Focus a CAl program on reducing inequities in the education of disadvantaged
children.

11. Rapid and Slow Learners
Develop special CAl programs for both rapid and slow learners at all levels,
12. The Deaf

Develop courseware for teaching the deaf to read and write.

13. High School Opportunities
Provide opportunities for high school students to work with computers in their own

instruction through participation in the production of hardware and the development
of curriculum materials.

14. Job Corpsmen

Develop an experimental program to prepare talented job corpsmen in the
fundamentals of computer technology,

15. Para-professional
Organize a national effort to create a computer-assisted course in a selected

para-profession2l subject (e.g., X-ray techniques, police management, assistance
programs for the aged).

16. Unemployed
Subsidize industry to develop CAl packages for retraining unemployed workers.
17. Group Irstruction

Experiment with the application of CAl to group instruction in addition to individual
instruction.

18. Classroom Games

Develop computer-based games to provide structured interaction between different
classrooms in the same, or different, schools.

3. Simulation and Gaming

Concentrate curriculum development efforts on utilization of the computer's unique
capabilities, e.g., in problem-solving exercises, simulation, and gaming.

20. Gooperative/Competitive
Develop programs in which the student questions the computer rather than the
raiarie (cooperative rather than competitive use of the computer in a learning -
wingtiun),

21. Learning Styles

Develop the capability to identify and match student learning styles in different
content ar:as with appropriate pedagogical techniques,
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22. Leamner Control

Develop systems that allow more fearner control of the material and of the style of
teaching.

23. CAI Learning Models

Develop a model of the learning process that provides insight into the uses of CAl
{rather than a general-purpose model).

24, Learning Theories

Develop a foundation of theories of learning and experimental data which would
enable the computer to be maximaliy flexible and effective in teaching, as opposed to
being a page-turning and response-recording device.

25, CAl Modules

Develop methodologies and techniques to support organization of course material
into modules that can be utilized in CAI systems.

26. Special Ed. Problems

Develop coursewar2 to train teachers to identify special education problems and to
prescribe appropriate remediation.

27. Support Teachers in CAl Development

ldentify teachers who are good writers and who have classroom ekperience in
computer applications and support them in the writing, publishing, and distribution
of quality curricular materials.

28. Finance Teaching of CAl Techniques

Finance teacher training institutions to include practical training in the use of
hardware and software, and in the techniques of integrating CAl with the traditional
education process.

29. Summer Workshops

Institute summer workshops to provide teachers with hands-on experience with
available CAl systems.

30. Incentives for Teacher-Training

Offer financial incentives for teachers to take training courses in the use of CAl.
31. Training in Technology

Develop through NIE an agency to train teachers in instructional tech nology,
including capabilities and limitations of processing systems and design, development
instatiation, and evaluation of self-instructional materials.

32. Individually Prescribed Instruction

Provide courses in individually prescribed instruction and small-group tutoring in
schools of education, thereby providing teachers with a background more appropriate
to CAl.

33. Instructional and Management Support

Design a computer-based system which would provide support for all of the
instructional and management functions in a school system.
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34. Train Administrators

Implement a program of systematic dissemination and training in CAl applications
for school administrators,

35. Mode! for Administrators

Develop a computer-based, interactive model for school administrators that shows
how schools can incorporate CA1, at what cost, and at what savings.

36. Model Elementsry School

Set up one or more CAl-based model elementary schools.

37. Model High School
Set up one or more CA}-nased macel high schools.
38. Mcsr] Cotixge

Set 12> one o wiore CAl-based college campuses. |

39. Mode! Town

Set 4+ a large-scale model demonstration of CAl-in-the-home in a new 1owen (200
N3 towns are now in some stage of planning or construction in the U.5.1

40. S:.mmer/Evening Instruction

Exploi: the opporluhity for individuatized instruction during summer and evening
hours.

41. Cost-Sharing

Develop cost-sharing programs for school districts and learning centers installing
computer-based instructional programs.

42, Budgeting Cycle

Revise year-to-year budgeting for operating expenses so that school systems can be
better prepared to finance substantial capital investments,

43, -Lock-Step

Produce and test alternatives to lock-step procedures to accommodate differences in
learning speed and in curriculum selection.

44, Community Coordinators

Establish model community agencies for coordinating CAl applications in urban
school systems.

45. Private investment

Permit private investment to provide the capital for schools interested in imple-
menting CAl systems.

46. Private Development

Implement a liberal policy of support for private equipment and software
development organizations.

47, Tax Incentives

; Provide tax incentives for industrial investment in CAl deglopniet.
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48. Regional Centers

Establish regional centers with local and visiting faculty to develop materials and to
use and revise them in classroom applications.

'49. Joint Laboratories

Set up CAl labo;alories for authors and supporting technical teams, to be run jointly
by teacher training institutions and textbook publishers.

50. Discipline-Oriented Centers

Establish a number of discipline-oriented centers for production of course materials
that support the use of computing within the cusriculum.

51. Discipline Task Forces

Develop discipline or educational level task forces 10 develop a CAl prototype in a
particular field and to demonstrate the quality and feasibility of the endeavor,

52. Discipline-Based Standards

Fund committees and review panels within disciplines to encourage the establishment
and application of discipline-based standards,

53. National Clearinghouse

Establish a national clearinghouse for the collection and distribution of CA}
materials.

64. Research Institutes

Set up research institutes and quality training programs 1o attract people of high
intellectual calibre 1o CAI field.

55. Graduate Programs in Teaching

Establish graduate programs oriented toward teaching rather than research, as a first
step toward quality education, including CA} development.

56. Professional Incentives

Establish professional incentives for university faculty through a grant program that
requires from the recipient ‘university assurance that wiork on CAl development
would be judged equivalent to research, in terms of promotion, salary, etc.

57. Exchange of Professionals

Introduce a system of exchanges of CAl professionals among industry, government,
schools and universities. :

- 68. Professional Journal

) Publish a first-rate professional journal solely for the instructionatl uses of computers.

59. Annual Award

Offer annual national awards for the best CAl programs.
60. Copyrights

Develop copyright procedures 10 protect CAl products.

61. Royalty Payments
: 129
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Arrange for royalty payments and credit to individual authors for CAl curriculum
developmaent,

62. Publisher Fees

Create “market” for CAl materials by providing mechanisms and incentives (e.g.,
publisher fees) for program production, distribusion, and use.

63. Hardware Standards

Develop national standards for equipment to insure interchangeability of curriculum
packages. .

64. Software Format

Establish a format for the production of software that will make it usable in a variety
of hardware systems.

65. CAI Languages

improve the efficiency of writing CAl programs by the development of better CAl
languages.

66. Instructional Designers

Train instructional designers to supplement the work of CAl authors and production
personnel.

67. Continuing Evaluation

Develop a continuing program for evaluation of CAl programs, techniques, curricuta,
administration, and organization.

68. Evaluation Systems

Set up a comprehensive research program to test a variety of CAl-based evaluation
systems at school and college levels, possibly including performance in simulation
exercises and educational games as a rating device,

69. Cost-Evaluation Studies
Conduct detailed evaluation studies that provide the data needed by school

administrators to justify the introduction of new capital-intensive equipment and
techniques.

70. “Benchmarks"

Identify the full range of CAl system requirements and develop “benchmarks” to
measure progress and to assess effective management, | :

71. CAl Barriers

Institute a comprehensive research program 1o identify barriers to the introduction of
CALI and to determine the changes which might contribute to their removal.

72, CPU Cost

Reduce the cost of eemral‘p'rocessor time to the neighborhood of 20 cents per
student/contact hour.

73. Hardware Developmant Costs

_ Concentrate on reducing basic hardware and software development costs so that CAt,

as a consequence, can become cost-justified.
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74. Hardware Interface

Support research to identify the relative importance of keyboards, C.R.T. displays,
accessory audio-visual devices, etc.

75. Computer Design

Design computer logic and architecture appropriate to the primarily non-numeric
Srocassing demands of CAl.

- 76. Semantic Analysis

-+

Develop software to perform semantic analysis for processing student inputs
expressed in natural language.

A 77. Integrate Media
Design a CAl system that integrates a number of instructional modes and media.

78. Educational Terminal

Organize a team of industrial designers, engineers, teachers, and students to develop
one or several educationally oriented computer terminals.

79. Communications Equipment

Utilize existing communications equipment, e.g., television, telephone, electric
typewriters, to produce cost breakthroughs in CAl,

80. Cable TV

Combine large time-sharing computers and cable TV with appropriate terminals to
produce lower costs.

81. Graphics Capability

Develop student terminals that offer a graphics capability.

82, Videotape Cassettes
Develop a computer terminal which can utilize videotape cassettes.
83. Audio Unit

Develop a computer-controlled random access audio unit loriuse in teaching reading
and languages.

Additional action statements resulting from the conference discussion:

84, The Blind

Develop courseware for the blind. Braille terminals exist and Braille also can be
produced by a terminal.

8S5. Investigator-Reporter

Fund a single, highly competent investigator-reporter to survey the whole field and
report on its present state and prospects in the clarifying, framesetting way done,
e.g., by Jean Chall in The Teaching of Reading.

86. Health Sciences

Develop a national center for the health sciences.
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87. Programming Courses

Teach programming (Fortran?) as part of the core curriculum.

88, Feedback From Schools

Obtain feedback from school personnel on the factors which impede the implementa-
tion of CA! in the schools. {Include teachers, adininistrators, school board members,
and various “minorities”,)

89. Non-Science Majors

Teach a course on computers for non-science majors.

90, ““Sesame St

Fund "Sesame St.”" type curriculﬁm development projects for CATV distributed CAl.
Effective, efficient, and palatable instruction,
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